
AMERICAN 


THE 

HEART JdURNAL 


0 

©Am. Ht. Assn. 

ADVISORY EDITORIAL BOARD 


E. P. Carter 
Henry A. Christian 
Elliott C. Cutler 
Walter W. Hamburger 
.Lames B. Herrick 
William J. Kerr 
sir Thomas Lewis 
E. Libman 
H. M. Marvin 

Charles C. 


Jonathan Meakins 
John H. AIusser 
John Allen Oille 
Stewart R. Roberts 
G. Canby Robinson 
Fred AI. Smith 
PAUL D. White 
Carl j. Wiggers 
Prank N. AVilson 
Wolferth 


Published Bi-Monthly 
Under the Editorial Direction of 
THE AAIERICAN HEART ASSOCIATION 


Lewis A. Conner Editor 

Associate Editors 

Hugh McCulloch Evelyn Holt 


VOLUME 9 

OCTOBER, DECEMBER, 1933 
FEBRUARY, APRIL, JUNE, AUGUST, 1934 


ST. LOUIS 

THE C. V. MOSBY COMPANY 

193i 



CopiTacHT, 1934, By The C. V. ^foSBy CoMPANy 


(AU rights reserved) 


Printed in U. S. A. 





•■'i - 'j ‘ Ai^ 7" ^ 

r 

i 


Press of 

The C. V. Moshy Company 
St. Louis 



The American Heart Journal 


VOL. IX 


October, 1933 


No. 1 


Original Communications 


INTERAUEICULAR SEPTAL DEFECT ASSOCIATED ‘WITII 

MITRAL STENOSIS'-' 

Sylvester McGinn, M.D., and Paul D. White, M.D. 

Boston, Mass. 

A POST-MORTELI examiuatioD receutl}’- revealed to us an unsus- 
pected combination of cardiac lesions that maj'- well be recog- 
nized before death if the possibility of this diagnosis be kept in mind. 
A steuosed mitral valve coexisting with an interaurieular septal de- 
fect was demonstrated in the heart, the roentgenogram of which ap- 
pears to be distinctive. This combination of lesions like many other 
cardiac abnormalities has been described in the past, but it is worth 
while to discuss it from the viewpoint of our more modern methods of 
establishing clinical diagnoses and to summarize cases already re- 
ported, mostly by the French. 

The increasing knowledge of individual malformations of the heart 
is rapidly approaching the point where the inclusive diagnosis of con- 
genital heart disease alone is inadequate and lacks the descriptive 
terminology so useful in our medical nomenclature. 

LITERATURE 

The literature contains the reports of 23 cases in which mitral steno- 
sis is associated ivith some degree of deficiency of the interaurieular 
septum (Table I). MartineaiP® presented the first case in 1865 and so 
preceded a long series of contributions from the French investigators. 
The following year (1866) Peacock’^ included a similar case in his 
book Malformations of the Heart. There then ajipeared in sequence 
reports of cases by Wagstaffe'"' (1868), Chenieux" (1870), Chouppe® 
(1872), FirkeP® (1880), Butin® (1893), Huchard and Ber gouigman^® 
(1901), Griffitlp-^ (1902), Tylecote’'® (1903), S61dner=® (1904), Mour- 
eyi-e^^ (1911), Dufour and Hubert^ (1911) and Heitz^® (1912). In 1916, 

From the Cardiac Clinic and Laboratory of the Massachusetts General Hospital.. 
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a year after Abbott’s^ case report (1915), Liitembacber^® reviewed the 
subject at length and discussed the various viewpoints held as to the 
probable etiology of the condition and the consequent alterations in 
the hemodynamics. As a result of his paper, the association of mitral 
stenosis with an interauricular septal defect has become commonly 
known as Lutembacher’s disease. Following this, other cases have 
been added to the literature by Ci*amer and FrommeP (1923), Don- 
nally^” (1924), Cabot” (1928), Langerhon and Loheae^® (1928) and 
Wahl and GaixP’' (1931). Reeentlj’- Dressier and Rosier’^ presented a 
valuable communication on the subject (1930) in which thej^ presented 
a new ease and described what they maintain to be typical roentgen 
ray findings. Theses upon the condition have been written by 
Bonnabek in 1906 and b}' Souza Gularte-^ in 1924. 

CASE REPORT 

An American letter carrier, single, fifty-six years of age, entered the Alassacliusetts 
General Hospital in June, 1932, complaining of shortness of breath, weakness, and 
swelling of the legs and abdomen for four years. 

He had always been well except for occasional sore throats; there was no history 
of rheumatism, chorea, tj’phoid fever, or pneumonia. His father died of a lung 
infection, and his mother was in fair health at eighty-tliree years of age. Two 
sisters were in good health but five other siblings died in infancy. 

Three years previously he had been forced to give up his position because of the 
same symptoms of whicli he complained on admission to this hospital, and at that 
time he had been told that ho had an enlarged heart and that an x-ray picture had 
been suggestive of Hodgkin’s disease, for which he subsequently received x-ray 
treatments. The physical examination in 1929 showed visible jugular pulsations, an 
enlarged heart with the left border in the midaxillary line, a loud systolic murmur 
at the mitral area transmitted to the axilla, and an arrhythmia. The abdomen was 
rounded and a fluid wave was obtained. Slight pitting edema was observed in 
both ankles. Within two montlis an abdominal paracentesis was done twice with 
the removal of amber colored fluid, following which a mass could be palpated four 
fingers below the costal margin. Digitalis was given and the edema partially dis- 
appeared until a return of symptoms followed an up^er respiratory infection nine 
months ago. Since then there had been a progressive increase in his failure, and 
he was admitted in extremis to the Massachusetts General Hospital, where he died 
nine hours later. 

The physical examination on entry nine hours before death showed a poorly 
developed man of normal height, having a grayish color, marked orthopnea, and 
slightly distended neck veins. The heart was enlarged to the left, and systolic and 
rumbling diastolic murmurs were heard at the apex without palpable thrills. The 
heart sounds and the pulse were of poor quality. Auricular fibrillation was present. 
Arteriosclerosis of the large vessels was noted and the blood pressure was recorded 
at 130 mm. mercury systolic and 70 diastolic. Moist rales were heard at both lung 
bases. There were massive edema below the waist and marked ascites. An ab- 
dominal paracentesis was done with the removal of 3100 c.c. of a slightly yellow 
and turbid fluid. The red count was 4,950,000, white count 7,750, and hemoglobin 
90 per cent. 

The x-ray film taken August 22, 1929, showed the heart shadow to be tremendously 
enlarged, the shadow of the right auricle being particularly prominent. There was 
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also a marked prominence of the pulmonary conus. The only portion of the aorta 
visible was the knob which w'as rather small. There was extensive increase in the 
size and density of the hilus shadows on both sideSj probably due to dilated pul- 
monary vessels.* 

The post-mortem examination w’as performed five hours after death. The subject 
W'as a fairly well developed but poorly nourished, middle-aged man weighing about 
160 pounds. There was marked pitting edema of the lower extremities and hips 
with a purplish discoloration of the legs. There w’as a marked bluish discoloration 
of the face and mucous membranes. 

The peritoneal cavity contained 400 c.c. of clear yellow fluid, the pericardial 
and left pleural cavities 100 c.c. each. The right pleural cavity w'as entirely 
obliterated by adhesions. The right lung w'as rather spongy but w'as crepitant 
throughout, whereas the left w'as crepitant except for a pyramidal area in the 



1- Fig-. 2. 


Fig. 1. — Heart of present case of interauricular septal defect w'ith mitral stenosis. 
R.A., right auricle; R.V., right ventricle; L.V., left ventricle; A, aorta; P.A., pul- 
monary artery. Note in particular the large right ventricle and pulmonary artery. 

Fig. 2.— Same heart as shown in Fig. 1, w'ith view into the left auricle from above. 
M.A., aperture of the stenosed mitral valve; F.O., patent foramen ovale- L V left 
ventricle. 


lateral part of the upper lobe typical of an infarct. The liver weighed 1100 gm. 
and show-ed very little congestion. The cervical and inguinal nodes were negative 
but one axillary gland was palpable. 

The heart was greatly enlarged, weighing 675 gm. On external examination a 
marked disproportion in the size of the right and left sides of the heart was ap- 
parent. The normal relation w-as reversed, the right ventricle being almost three 
times the size of the left. On being opened the right ventricle w-as found to be mark- 
edly dila ted to eight or ten times the normal size and its wall was greatly thickened. 


*X-ray film studied through the courtesy of the St. Elizabeth’s HoqnitoT •Rnqfnn 
and interpretation kindly made for us by our colleague, Dr. George W. Holmek ’ 
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measuring 8 mm. In contrast the left ventricle was only slightly dilated and its wall 
was only 11 mm. in width. Both auricles were enlarged but the enlargement was greater 
on the right side. The right auricle measured in empty state and after fixation 
11x7x6 cm. The left auricle measured roughly 9x6x4 cm. A number of scattered 
irregular opaque wliitish milk like patches were present on the endocardial surface, 
chiefiy of the right ventricle. 

The mitral valve showed marked thickening and interadherence of the cusps 
producing an extreme degree of stenosis, the narrowed orifice measuring approxi- 
mately 1.5 cm. in length and 3 to 5 mm. in width. There was extensive calcification 
of the entire ring of the mitral valve. A small (6x10 mm.) irregular nodular calci- 
fied mass projected on the undersurface of the anterior cusp and a larger calcified 
mass projected below and behind this downward into the ventricular muscle and 
extended anteriorly into the interventricular septum. The chordae tendineae were 
shortened and thickened. 



Fig-. 3. — Roentgenogram of thorax of present case of interauricular septal defect 
with mital stenosis taken three years before death. Anteroposterior view. Note very 
large heart with marked prominence of pulmonary artery and lung hilus shadows. 


All three cusps of the aortic valve showed slight diffuse thickening, most marked 
along the lines of closure. There was extensive fusion of the adjacent edges of the 
anterior and right posterior cusps with a firm, slightly nodular calcified deposit in 
the adherent area. 

The pulmonarj' valve ring was markedly dilated, measuring 9.5 cm. in circum- 
ference. Except for slight thickening in the central portions of the free margin 
the cusps were normal. 

The tricuspid valve showed slight to moderate diffuse patchy thickening most 
marked along the free margins. Some of the chordae tendineae were thickened and 
slightly shortened. 

Connecting the ca\’ities of the two auricles there was a large oval defect in the 
interauricular septum in the position of the foramen ovale. This measured in the 
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fixed speeiinen 2.4 cm. in the base-apex axis and 1.5 cm. transversely. The margin 
^vas sharp. The edge consisted for a Avidth of 2 to 3 mm. of thin smooth A\hitish 
tissue of about the texture and consistency of a normal heart valve. 

The coronary arteries Avere large Avith only slight atheroma. The aorta shoAved 
moderate atheroma Avithout calcification and Avas 8.5 cm. in circumference in the 
ascending portion, 5.6 cm. in the arch, and 4.7 cm. iu the descending part. The 
pulmonary artery Avas greatly dilated, measuring 10.5 cm. in circumference at a point 
1 cm. above the pulmonary orifice. It Avas thickened Avith a smooth, yclloAvish surface 
and AA'ith only the slightest trace of atheroma in its smaller branches. 

DISCUSSION 

Pathogenesis . — ^An iuteraurieiilar septal defect may be one of several 
types. Tbe septum may be entirely lacking or represented only by a 
narrow remnant encircling tbe auricular walls. Sueb a condition 
exists wben in fetal life tbe lower part of tbe auricular septum fails 
to develop noimally. Tbis defect is spoken of as a persistent ostium 
primum and when it is extreme iiroduces a true triloculate heart. A 
deficiency of tbe upper part of tbe auricular septum above tbe foramen 
ovale, AA’^bieb may or may not be patent, is known as a persistent os- 
tium secundum. Tbe foramen ovale remains patent wben tbe primaiy 
and seeondaiy auricular septa fail to meet or is said to be probe-patent 
wben they meet but do not become adherent to each other, leaving an 
oblique passage between them. It is possible for these commonly seen 
probe-patent foramina ovales to become frankly patent and allow tbe 
free flow of blood tbrougb them if tbe septum should be greatl.y 
stretched due to distended and dilated auricles. Such were tbe cases 
reported by Martineau, Cbenieux, and Butin. 

In fetal life, tbe course of tbe floAv of a considerable portion of blood 
in the heart is from tbe right auricle tbrougb tbe patency in the inter- 
auricular septum to the left auricle, and thence to tbe left ventricle which 
expels its contents into tbe aorta. After birth tbe adult type of circula- 
tion is established, and since nearly equal pressures are maintained within 
both auricles under normal conditions little or no admixture of blood 
takes place in verj'' early life even though there may be a small opening 
iu the septum betAveen tbe auricles. 

If, hoAvever, tbe interauricular septal defect should be complicated 
by some obstruction to the normal dii’ection of blood flow as by mitral 
stenosis, there would be a change in the hemodynamics. The left 
auricular pressure would be increased over that in the right auricle 
with a resulting flow of blood from left auricle to right auricle. The 
blood is sent through the pulmonary circuit for the second time ; and 
later, when the right auricular pressure increases sufficiently, the blood 
may be backed up into the venae cavae to increase the hepatic, portal 
and peripheral venous pressure. Under such circumstances the cham- 
bers of the right side of the heart are doing more work than are those 
of the left; consequently dilatation and hypertrophy of the right 
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auricle and ventricle and dilatation of tlie pulmonary artery follow, 
whereas the left ventidcle and the aorta remain small. A similar con- 
dition exists in hearts having uncomplicated interauricular septal 
defects (but not to such an extreme degree as when mitral stenosis is 
present), which would indicate that the systolic pressure in the left 
auricle exceeds that in the riglit to some extent (the left auriele is the 
more uniformly muscular sac), Evejitually the right ventriele may 
fail and the pressure within its corresponding auricle is then elevated 
to the point whei'e a reversal of flow from right to left takes place. 
This extensive admixture of arterial and venous blood explains the 
occuri’ence of “cyanose tardive” lir.st described by Bard and Curtillet; 
it is found so frequently in llie terminal illnesses of patients having 
defects of the interaui'ieular septum that it is almost pathognomonic of 
that condition. Thus is explained the absence of cyanosis in patients 
having this anomaly until failure of the myocai’dium occui*s. It is 
reasonable to expect that extensiAm paradoxical embolism Avould take 
place only in the presence of some degree of cyanosis, since the flow of 
blood must be from the rtght auricle to the left; A'ery small septal 
defects AAmuld permit the passage of only small emboli and would cause 
little or no cjmnosis. 

Opinions as to the relationship of the mitral stenosis and the inter- 
auricular patency have been varied, hhrket^-’’ in 1880 believed that 
the combination was due to a congenital malformation of the mitral 
valve and that the abnormality of the interauricular septum Avas a 
fortunate coincidence since it serA'ed as a safeguard against pulmo- 
nary congestion. Lutembaeher^'' considered the associations of lesions 
to be more than coincident or indei?endent congenital abnormalities; 
he maintained that the foi’amen ovale Avas prevented from closing by 
the elevated left auricular pressure due in turn to the stenosed mitral 
Amlve, Avith resulting left to right floAv of blood AAdiich Avas opposite to 
the usual intrauterine circulation. Dressier and Rosier, on the other 
hand, contend that an increased pre.ssure in the left auricle Avould ordi- 
narily faAmr the closure of the foramen ovale because of the oblique 
course of its canal. According to this interpretation, the congenital in- 
terauricular septal defect, small at first, but actual and not potential, 
Avould be complicated by an acquired mitral endocarditis causing steno- 
sis of the Amlve, and this in time Avould bj’’ stretching conA’^ert a small 
interauricular septal patency into a larger one. We agree AAdth these 
conclusions of Dressier and Rosier. Mitral stenosis Avould be more 
often complicated by open patency of the foramen OAmle if these tAvo 
lesions Avere not primarilj^ coincidental. 

Tavo cases of fetal endocarditis resulting in mitral stenosis at birth 
have been reported independently by KockeP^ and by AjTolles." The 
foramina ovales in these hearts Avere described as being patent to the 
passage of a probe, Ayrolles’ case alloAving Avater to floAv from the 
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right to the left auricle but not in the other direction. Another case 
of fetal endocarditis causing mitral stenosis was reported by Don- 
nally,^° in which he states that the foramen ovale was small and 
guarded by a thick fold. He believes that the course of blood flow 
was from the left auricle to the right side of the heart and then into 
the systemic circulation through a patent ductus arteriosus. The pul- 
monary artery in this case continued as the dorsal aorta after giving 
ofO the ductus arteriosus and two pulmonary branches while the aorta 
I’emained as an example of infantile coai*ctation. 

Clinical and Pathological Data . — ^The combination of mitral stenosis 
and interauricular septal defect is rare, only twenty-three cases having 
been reported in the litei*ature; two eases, the new one reported 
here and the ease already reported by Cabot, have been found by us 
in a review of 6800 autopsies at the Massachusetts General Hospital. 
The condition is found almost entirely in women; of the 23 cases in 
the literature the patient of Soldncr^^’ with a persistent ostium primum 
is the only male. Our ease is the second male known to have had this 
condition. The lesion can be well tolerated as is indicated by the 
patient of Firket^'' who died at seventy-four years of age having had 
eleven pregnancies, and the patient of Lutembaclier’'* who died at 
sixty-one years after .seven pregnancies. Nevertheless, 11 of the 24 
patients died at thirty years of age or under; the average age at death 
was thirty-five years, which is somewhat under that for mitral stenosis 
alone. The type of individual is usuallj’’ below the normal average 
physieallj’', being described as delicate, poorly developed, or infantile. 
Disorders of menstniation or tuberculosis have been noted commonly. 
The French believe that the general underdevelopment is due to the 
hypoplastic aorta and the consequent smaller blood supply. The his- 
tory of rheumatic fever was definite in 3 of the 24 cases. 

The physical findings are so variable that the clinical diagnosis can- 
not be made with confidence. Cyanosis was present in 17 of the 24 
cases collected here ; it appeared with the onset of failure in all except 
one, the ease of GrifSth^‘‘ Avhose patient became “blue in the face” 
upon running. Our case showed extreme post-mortem lividity but the 
report of the physical examination noted only a peculiar grayish color 
before death. Some authors have emphasized the point that cyanosis 
may be absent terminally. Clubbing Avas seen in onl 3 >- one ease. 

An apical .systolic munnur Avas heard in 15 cases and Avas the most 
common auscultatory finding. It AAms accompanied by a diastolic 
murmur maximal at the apex in eight cases, and by an apical thrill in 
four, of Avhich tAvo Avere continuous, one systolic, and the timing of the 
other Avas not noted. Mitral diastolic murmui*s Avere heard alone in 
four individuals, and in three of these there Avere palpable presystolie 
thrills. Systolic murmurs were heard at the base of the heart in four 
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Tabi.e 

Interauricular Septal Defects 


NAME OF 

author 



OTHER VALVE 
INVOLVE- 
MENT 


SIZE OF 
MITRAL 
VALVE 



PATENT FOKAilEN OVALE 


Martineau 


118651 F|28| + H-l-t-l-Pl-f 



cGinn and White|1933 M I 56 
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cases, accompanied Ity early blowinjr diastolic murmurs in two. The 
pulse ^vas never described as being of good (lualily; it was frequently 
found to be irregular. Two cases had electrocardiograms which 
showed right axis deviation. 

The post-mortem examinations have shown large hearts with weights 
far above normal, Tylecote’s--' patient had a heart weighing 1100 gm. but 
this included the adherent pericardium. The cardiac enlargement has 
been found to be di:e primarily to dilatation and hypertrophy of the right 
auricle and ventricle. The left auricle fre(iuen11y shows similar changes, 
but the left ventricle is usually of .small size. Dilatation of the ])ul- 
monary arteiy in the presence of a small aorta is common, this rela- 
tionship having been observed in 13 cases. The extent of the mitral 
steno.sis and the degree of the interauricular patency have varied con- 
siderably as is indicated in Table I. 


rcr.MONAUY 
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closed. 


+ 
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■ 

! + i 
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i mm. ! mm. 

1 

Small 
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1 cm. diam. 
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tip 

Hole admitting finger 
tip in septum above 
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Bocjitgejioffraphy . — The consistent pathological findings might be 
expected to give correspondingly consistent roentgenograms. Ci'amer 
and PrommeP described the heart as being a “coeur en sabot with a 
prominent pulmonaiy arc. Lutembacher commented upon the en- 
largement of the i-ight chamber's, Avhich he believed caused the 
apex to be blunt and raised above the diaphragm whereas in 
pure mitral stenosis the left • border of the heart is more veiTi- 
cal. The report in Cabot’s" case is quoted as follows: “The x-ray 
showed a mass which did not pulsate at the right of the heart. The 
pulsations of the heart itself were very indistinct. The outline of the 
heart shadow with the poor pulsation suggested pericardial disease. 
There was extensive mottling extending out from both lung roots.” 

Dressier and Rbsler^^ have noted the presence of a narrow aorta 
with a consequent diminution of the shadow of the aortic Icnob in ad- 
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dition to the other findings. They consider the appearance of the 
heart to he that either of pure miti*al stenosis or of an interauricular 
septal defect alone but Avith an exaggeration of all the findings due to 
the combined effect of the tAvo lesions. They insist that all the fea- 
tures mentioned aboA^e are essential to the diagnosis; these features 
include the large pulmonary conus, the narroAA’- aorta, the extensive 
right-sided hypertrophy, and the AAdde lung hilus sliadoAvs. The roent- 
genogram of our ease conforms to their criteria and agrees in detail 
with the orthodiagi-am included in the thesis of Souza Gularte. The 
report of Wahl and Gard-^ is accompanied by reproductions of the 
roentgenograms in their ease. The consistency of this x-ray evidence 
is conAuncing. It is of interest to obseiwe that so dense are the medi- 
astinal shadoAvs that tAVO cases Avere actually giAmn x-ray radia- 
tion for tumors of the mediastinum and one of them subsequently 
underAvent an operation in an attempted surgical removal of the sus- 
pected gi’OAvth, Avhieh proved to be the dilated pulmonary artery. 

SUAIMARY 

1 . The clinical and pathological findings in 24 cases shoAving the 
combination of mitral stenosis and interauricular septal defect have 
been summarized hercAvith; these include the 23 cases preAUOusly re- 
ported in the literature and a ncAv case of our OAvn (a man fifty-six 
years old). 

2 . The abnormal alterations in the blood floAV through the heart 
liaA^e been described. 

3 . The diagnosis of this combination of lesions may be made from 
the fairly typical roentgenogram and suggestiA^e clinical signs. The 
roentgenogram corresponds AAuth the lAost-mortem findings shoAving a 
large rounded heart especially prominent to the right, an exaggerated 
pulmonarj^ conus, Avide lung hilus markings, and a narroAV aorta. 
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PAROXYSMAL PULMONARY HEMORRHAGES*! 

The Syndrome in Young Adults With Mitral Stenosis 

B. S. Oppenheimer, M.D., and Sidney P. Schwartz, M.D. 

New York, N. Y. 

S EVERE paroxysmal pulmonary hemorrhages, not due to intrinsic 
disease of the lungs, are very infrequent in patients with chronic 
rheumatic valvular heart disease and mitral stenosis. Only 3 of the 
last 1000 patients with mitral stenosis admitted to the Montefiore Hos- 
pital gave a history of such recurrent pulmonary hemorrhages. Of 
these, 2 were females and 1 was a male. 

The sjTidrome is characterized by the sudden onset of cough with 
profuse bright red expectoration in an afebrile and usually ambulatory 
patient mth mitral stenosis in whom, as a rule, there is little evidence 
of congestive heart failure. The respirations and pulse are increased, 
the breathing may be of the asthmatic type, there is profuse sweating, 
and the bleeding may be very abundant although inconstant. It may 
come in spurts and last as long as four days at one time. It may recur 
periodically each month and in young girls it has been mistaken for 
vicarious menstruation. 

While the symptom complex has been variable in each particular 
case, the clinical picture of all, as observed over a prolonged period of 
time, has been so strikingly uniform that it has been thought worth 
while to describe some of these cases in detail. The prognosis as to 
life of these younger patients with paroxysmal hemorrhages associated 
with mitral stenosis, once the symptom complex has appeared, is very 
grave. 

REPORT OF CASES 

Case 1. — History No. 1249-E. Diagnosis: C.E.C.V.D., mitral stenosis and in- 
sufficiency, and paroxysmal pulmonary hemorrhages. 

F. S., a young ivoman, aged twenty-two years, was admitted to the Montefiore 
Hospital on November 21, 1924, and died on April 29, 1930. 

Previous Eisiory . — At the age of thirteen she had a bout of chorea with the 
movements limited to the right side of the body. She was ad^-ised at that time to 
have her tonsils removed but tonsillectomy did not abolish her choreiform move- 
ments, altliougii tliey were much milder for the next three years. In September, 
1923, when siie was sixteen, she entered a hospital because of severe palpitation of 
the heart and after remaining tliere for eiglit weeks, she was sent to a convalescent 
liome. One year later she entered the Montefiore Hospital because of e.xtreme rest- 
lessness, irritability, and palpitation of the heart. 

Physical Exaviinaiiov . — On admission the patient appeared to be tall and poorly- 
nourished for her age. Slie showed marked twitchings of her fingers and of her 
right arm. The neck veins were not distended. There was a bulging of the left 

•From the Jledical Division of the Montefiore Hospital. 

tRead before the American Heart Association, Alilwaulcee, Wisconsin, June 13, 1933. 
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half of the chest in the region of the third, fourth, and fifth costosternal junctions. 
The apical impulse of the heart was in the fifth intercostal space to the left of the 
midclavicular line. The first heart sound was accentuated and was preceded by a 
rough rumbling diastolic murmur. P. was loud. The heart rate averaged 118 
beats per minute, and there was marked sinus arrhythmia. The blood pressure was 
120/90. The lungs were clear. The liver and spleen were not palpable, and there 
was no edema, of the lower extremities. 

The laboratory findings, including the blood Wassermann reaction, were negative. 

Eadiographic examination of the chest failed to show any abnormalities of the 
lungs. The left ventricle was slightly rounded, and there was a bulging of the 
pulmonary artery. The left auricle encroached upon the rctrocardiac space. The 
electrocardiogram showed right axis deviation, with T, .and T, negative. (The pa- 
tient was not receiving any digitalis.) 

Course and Progress . — During her first few weeks in the hospital she remained 
in bed most of the time because of the marked increase in her pulse wliich always 
averaged over 100 boats per minute. However, since she was afebrile and her 
heart rate was noted to be under 60 when she was sound asleep, the girl was dis- 
charged on August 9, 1925, and advised to report to the clinic. She remained well 
and was up and about until April 14, 1927, when she was readmitted with a severe 
pain in the right groin and a sharp, lancinating pain in the right scapular region. 

On this day she had taken a short walk when she became suddenly aware of 
being unable to catch her breath. She hailed a taxicab and while riding home, her 
breathing became very labored and she began to expectorate large amounts of blood- 
tinged sputum. She was rational and not alarmed. Throughout her trip home she 
was forced to cough because of severe irritation in the throat. The labored breath- 
ing and e.xpectoration stopped with rest in bed, but on the morning of April 18, 
1927, while she was in the hospital, she exi)cricnccd a very severe hemorrhage from 
the lungs. 

When seen at this time, her face Avas ghastly Avhite. There were large beads of 
perspiration on her forehead. Bespirations Avere rapid, aA'eraging 34 per minute, 
and there was a profuse bright red, bloody discharge coming out from her mouth 
and through her nostrils. Frequently, at irregular intervals, there Avould be a sud- 
den rasping cough, accompanied by large gushes of bloody fiuid. The pulse Avas 
rapid and thready and averaged 170 beats per minute, but the rhythm AA'as regular. 
The heart sounds Avere inaudible. The lung fields revealed large, moist, bubbling 
rales. The liver did not enlarge. 

This seizure of blood spitting lasted about half an hour, after Avhich she sat up in 
a chair and felt easier. On the same evening, hoAvever, she had another hemorrhage 
Avhich lasted forty-five minutes after the administration of large doses of morphine 
sulphate. On the folloAving morning her breathing Avas asthmatic in type. Ex- 
piration was prolonged and inspiration Avas difficult. There Avas still some cough 
with bright red expectoration but not so severe as on the preA'ious day. Such mild 
bloody expector.ation continued for the next fiA'e days. During all this time she 
was kept warm Avith blankets and given fluid parenterally, since she vomited almost 
everything she took by mouth. 

On the morning of May 1, 1927, she began to complain again of pains in the 
groins with right scapular tenderness, and Avithin one hour she suffered another 
very severe hemorrhage. This Avas as abundant as one of the large and profuse 
hemorrhages that are seen in patients AAdth tuberculosis. A series of drugs Avere 
tried to prevent any further bleeding, but they AA'ere all of no avail. She ceased to 
spit any blood-tinged sputum five days later. 

During this episode a radiographic examination of her chest Avas reported as 
revealing “partial consolidation” of both loAver lobes Avith more extensive involve- 
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onset, coughing sot in, and shortly tlie breathing became asthmatic in tj'pe. Within 
ten minutes there was frothy expectoration with blood-tinged sputum. Shortly 
tills becanie profuse and bright red in color, and was brought up in large quantities 
with each coughing spell. It became so profuse that it poured out of the nostrils. 
The coughing would stop for a while and then increase spasmodically when the 
bleeding would recur. At this time the material expectorated looked like pure 
blood. The frotluuess had disappeared and yet there -were no clots in the blood. 
This continued in recurrent spurts for half an hour before it ceased, leaving the 
girl in an exhausted condition. The asthmatic type of breathing continued for the 
rest of that day. 

Betw'een this day and July 13, 1930, when she died, following an unusually pro- 
longed attack, she had ten other similar episodes, some, however, not so severe. 
Sometimes associated with the onset of one of these attacks, she presented e^idences 
of somatic hallucination and delusions. Slie wa.s apparently well oriented but had 
a tendency to fabricate. She was unquestionably psj'chotic, but it was difficult 
to state whether the psychosis was due to the onset of the acute episode or part 
of her cardiac disease. 

Death followed a prolonged seizure of mild blood spitting Avhich was preceded 
by a mental derangement that necessitated physical restraint, 

Aittoiwj (No, 5002) performed thirty-two hours post mortem by Dr. J. J. Vor- 
zimer, (Only the interesting findings arc reported) ; 

The heart weighed 200 grams. The pericardium was smooth and glistening and 
showed no abnormalities. There were a few' areas of hemorrhage in the epicardium 
over the auricles. The cpicardial fat was moderate in amount and sharply defined 
from the muscle. The myocardium was firm and slightly thickened. The aortic, 
pulmonary, and tricuspid valves showed no abnormalities. The mitral valve was of 
the ‘Ojutton-hole type” and showed fusion and thickening of the two leaflets. There 
were a few small, w’hite thickenings on the auricular surface of the aortic leaflet 
near its edge. The papillary muscles were hypertrophied and the chordae tendineae 
were shortened. The coronary vessels showed no abnormalities and were patent 
throughout. The left auricle w'as somewhat dilated and hypertrophied, and there 
was some hypertrophy of the right ventricular wall. 

The pleura w'as smooth and glistening over both lungs except for a few scat- 
tered areas of fine fibrin on the upper lobe. Both lungs were crepitant, except in 
the upper lobes w’hich felt fleshy and firm. On section both upper lobes presented 
dry, dark red,, homogeneous surfaces from Avhich blood and a small amount of serum 
could be expressed. 

The lower lobes on section showed slight edema and had pink surfaces mottled 
wdth areas of authracosis. Prom these surfaces a frothy, pinkish colored serum 
could be expressed. The bronchi show'cd no abnormalities. The pulmonary vessels 
showed many raised yellow’ish plaques. 

Microscopic examination of some of the lung tissue showed the pleura to be 
thick and congested. The alveoli were filled with red cells, desquamated epithelial 
cells, serum, and “heart failure “ cells. The vessels showed thickening of the 
intima. The alveolar capillaries were tremendously congested. 

Other alveoli were emphysematous and the walls of the bronchioles showed well- 
defined areas of lymphocytic infiltration. There was marked increase of the peri- 
vascular fibrous tissue. Several of the bronchi showed marked engorgement of the 
capillaries in the mucosa. 

Case 3. — History No. 20828-E. Diagnosis: C.E.C.V.D., mitral stenosis and in- 
sufficiency, paroxysmal pulmonary hemorrhages. , 

M. G., male, aged nineteen years, .was first admitted to the Montefiore Hospital 
on February 2, 1932, and has been under our observation ever since. His chief 




18 


THE ALIERICAN HEART JOURNAL 


complaints on admission were repeated blood-spitting episodes, and almost constant 
pain in the back betR'een the shoulder blades, and palpitation of the heart. 

Frevums History . — Four years prior to his admission he was advised by school 
physicians that he had chronic valvular heart disease. Two years later he was sud- 
denly awakened one night with a severe coughing spell, difficulty in breathing, and 
palpitation of the heart. He claims that shortly after the onset of this seizure he 
brought up large quantities of "pure blood.” With the subsidence of this episode, 



Pig. 1. — (Case 3) A roentgenogrram of the chest obtained daring the interval when 
the patient was free from symptoms. The heart shadow shows moderate rounding 
of the left ventricle and the lung helds are clear, with the exception of the hilar 
shadows which are accentuated. 



Fig. 2. — (Case 3) A roentgenogram of the chest obtained two days after the onset 
of a paroxysmal seizure of pulmonary hemorrhage. Note that the hilar shadows nre 
markedly accentuated and that there is diffuse transudation within the entire right 
upper lobe and almost the whole of the left lung with the exception of its apex. 

he developed sticking pains in the back between his shoulder blades in the region 
of the first four dorsal vertebrae. Incidentally, he complained of drawing pains in 
his legs and muscles, so that he could hardly move. Several hours later he was 
transferred to the Bellevue Hospital where he remained for six days, although the 
blood spitting disappeared twelve hours after the onset of the attack. 

Eight weeks before admission to the hospital he experienced a similar episode of 
paroxysmal bleeding from the lungs which, however, was not severe and lasted only 
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one liour. Since then iie has been ambulator}' but has been having recurrent seizures 
of palpitation of the heart and occasional missed beats. 

Phys-ical Examination.- — The boy appeared ■well-nourished. There was no evidence 
of any dy.spnea, and his neck veins were not distended. The apical impulse of the 
heart was in the fifth intercostal space to the left of the midcla^dcular line. The 
first heart sound ■was accentuated and was parti}' obscured by a soft blowing sys- 
tolic murmur which in turn was followed by a short rough rumbling diastolic mur- 
mur. The heart rate averaged 8G beats i)cr minute and the rliythra was regular. 
The systolic blood pressure was 126 min. of mercury and the diastolic 92 mm. of 
mercury. The lungs were free from moisture. The liver and spleen were not 
p.alp.able, and there was no edcm.a of the lower extremities. 

Radiographic examination of the chest showed some pleural thickening in the 
right costophronic angle. There was moderate haziness of the pulmonary fields. 
The heart was placed vertically. The pulmonic artery and conus portion of the 
right ventricle showed some enlargement. The left ventricle was not definitely en- 
larged. The electrocardiogram showed right axis deviation. 



Elg’. 3. — (Case 3) A rocntgcnogTa.Tn of the chest obtained four days after the onset 
of a paroxysmal seizure of pulmonary hemorrhage. Note that both the bases and 
apices are now clear, while the root shadows are still markedly accentuated. 

Course and Erogress . — At 10:30 p.m., February 29, 1932, the boy began to com- 
plain of severe pain in the lower region of his spine. When seen then he appeared 
very apprehensive and was tossing from side to side. Soon his head was, thrown 
backward and he assumed a position of opisthotonus. His legs, however, were ex- 
tended forcibly, and he resisted any attempts at flexing them. He complained of 
great pains when he was touched or moved. It was necessary to restrain him be- 
cause of his violence. 

His face had an an.xious expression and his entire body was covered with large 
beads of perspiration. His pupils were dilated but they reacted to light and in 
accommodation. His speech was incoherent and he complained that his teeth were 
^'falling” out. By distracting his attention it was found possible to press hard 
over his dorsal region without eliciting any tenderness. 

At midnight of this day his pulse was 80 and his respirations were normal. The 
lungs did not reveal any moisture, but on the following morning he was awakened 
after a coughing spell and then vomited a large quantity of coffee-ground material. 
Shortly he began to expectorate frothy, tinged sputum, and thereafter he frequently 
brought up quantities of bloody fluid for the next three days. At this time there 
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were diffuse rales over botli of Ids chests, anteriorly and posteriorly, from the apex 
to the base. His temperature was elev.ated to 101° F., and he shoAved moderate 
increase in the leucocyte count. 

An x-ray examination of the dorsal spine obtained on March 1, 1932, during this 
episode did not reveal any changes in the bones of his spine. Eoentgen examination 
of the chest on this day showed dense shadows on both sides, extending from the 
hilum well outAvard toAvard the axillarj’ region. The apical regions of the lungs, 
as Avell as the extreme bases on both sides, appeared clear. Three days later, Avhen 
his blood spitting had ceased, the lungs AA’ere clear again and most of the shadOAA's 
just described had disappeared. 

In the next six months he AA’as sceji .and studied during scA'cral of these attacks, 
each one of Avhich AA-as associated Avitli an “aura” consisting of psychogenic man- 
ifestations. Apparently the boy had premonition of the onset of these attacks. 
He became apprehensive for several hours before their appearance. Palpitation of 
the heart Avas the first sign. His heart rate AA’ould rise from an aA'erage of 90 beats 
per minute to 140 beats, but the electrocardiogr.ams iuA'ariably reA'ealed normal 
sinus rhythm. The pain in the back, of AA’hich he ahvays complained, would be 
augmented at these times, and the opisthotonus position AA’hich he assumed appeared 
to be one in Avhicli he Avas most comfortable at such times. Difficulty in breathing 
accompanied by profuse perspiration appeared after that, and then recurrent cough- 
ing spells Avould indicate the approach of the blood-spitting episode. At times 
he AA'ould talk irrationally for hours before the appearance of the lung signs, and 
often he would sleep through these attacks, AA’hen the vomiting of dark-ground ma- 
terial would point to the fact that he had had a seizure through the night and had 
swalloAved most of the fluid. More often, frank bloody fluid AA’ould floAv from both 
his mouth and nostrils. Peculiarly enough, the psychic disturbances Avould all pass 
aAvay with the onset of the bloody expectoration. In between attacks he Avould be 
perfectly comfortable and at present is up and about most of the time, haA’ing been 
free from symptoms for about two months. 

DISCUSSION 

Blood spitting in one form or another has been well laioAvn to the 
older clinicians as a common manifestation of patients with heart dis- 
ease. The French called it “hemoptosie cardiaque” or “forme hem- 
optoique des maladies du coeur.^’ - But in most instances it was only 
the occasional red-strealied sputum that focused the physician’s atten- 
tion to the underlying cardiac lesion. And in the era prior to the x-rays, 
it was common practice, in the absence of any definite physical signs, 
to eliminate a tuberculous process as the cause of the miscliief by the 
presence of “heart failure cells” in the rusty sputum of such patients.® 
We now know that other causes of such blood spitting in patients with 
heart disease may be due to intrinsic disease of the lung independent of 
the heart lesion, such as cancer of the lung, bronchiectasis, and varices 
of the bronchi, to mention only a few of the conditions which we have 
encountered in our experience with such patients. 

Severe hemorrhages, however, in the presence of mitral stenosis have 
been rather uncommon even Avith massive infarction of the lung,^’ ’’ 
and for this reason the various manifestations which these patients ex- 
hibit place them in a different category from others Avith heart disease. 
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THE CLINICAL SYNDROME 

The attacks for which these patients seek relief are characterized by 
periodically recurring seizures of blood spitting heralded at times by an 
aura with psychogenic manifestations; severe palpitation of the heart 
noth a marked increase in the pulse rate; pains in the back between the 
shoulder blades extending donm the spinal region, and difficulty in 
breathing accompanied by paroxysmal coughing ending at times in se- 
vere pulmonary hemorrhages. 

These attacks usually appear in ambulatoiy young adults with mitral 
stenosis many years after the initial bout of rheumatic fever and may 
be the first evidence of the presence of lieart disease. Signs of con- 
gestive heart failure are usually absent. The seizures vary in number 
from one to several a month, and their increase in frequency and dura- 
tion is always of ominous prognostic significance. They have never 
been noted during an active bout of rheumatic fever, and in only one in- 
stance were they preceded and accompanied by a slight rise in tempera- 
ture lasting two days. 

The, Psychogenic Manifesiations . — Sometimes they are preceded by 
an aura lasting several hours before the actual attack is ushered in, 
Thei’e is mental anguish with a fear of something- grave impending. 
The sensorium becomes cloudy and the speech is frequently unintel- 
ligible. Hallucinations appear, there are visual disturbances, and the 
patient may go through all sorts of contortions and body movements 
that are uncoordinated. In the absence of objective localizing neuro- 
logical signs, some have been .suspected of malingei’ing, and one girl 
who was admitted to the neurological service of an institution was con- 
sidered to be suffering from major hysteria. She died shortly af^er, 
following a severe hemoptysis and autopsy revealed a tight mitral 
stenosis, without any infarcts in the lung or points of bleeding from any 
of the pulmonary vessels. In two girls, the slight mental disturbances 
appearing prior to such seizures were thought to have been due to the 
associated menstrual changes, and in these instances the blood spitting 
was considered as vicai'ious menstruation, no consideration being given 
to the underlying mitral disease present. The neck rigidity and 
opisthotonus in one boy, a position assumed by him prior to the onset 
of the attacks, presumably because of the accompanying severe pain 
in the back, led to the diagnosis of meningitis, and he was subjected to 
spinal taps, with no abnormal findings, of course. 

The mental disturbances become graver with the increase in the fre- 
quency and duration of these episodes, and in some patients the manic- 
depressive symptoms have compelled us to use physical restraint. 

^ SJdn Manifestations. In one boy a severe generalized urticarial erup- 
tion appeared on four separate occasions several hours prior to the de- 
velopment of his paroxysms of coughing, and there was alternate blanch- 
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ing iiHcl cyanosis oi! several oi' the fingers before jirofiise jierspiratiou 
covered tlic enlire liody. The skin crujilions disajipeared witliin five 
liours. 

Pains in ihc Bach . — Soinetiines the first evidence of an oncoming 
seizure may lie a sliarp jiaiii in the back bclween tlie shoulder blades. 
It may be well localized for several liours, but then may radiate along 
the region of the spinal column as far down as the lumbar vertebrae. 
Tliis pain is, as a rule, unassociated with tenderness. Only rarely have 
the jiaiiis been localized to any other region. In one girl they were 
severest in both groins in addition to tlie iiitcrscapular region. 

Palpiiation of ihc JJcarl . — .^Vssociated with thc.se pains there is in- 
variably palpitation of the heart. TJie heart I’atc may increase up to 
150 or 170 beats per minute, and with this acceleration there is violent 
pulsation of the vessels of the neck. The rapid beating of the heart 
may jiei’sist for several days after the major syndrome has disappeared, 
and its return to the original level may be best ap])rcciated by counting 
the night heart rate when the patient is asleep. It is at such times that 
the accelerator influences over tlie heart arc in abeyance. Whereas 
during the seizure of asthmatic breathing with hcmoptj'sis, the heart 
rate remains high even during .sleep, when the attack subsides, the heart 
rate may be high during the waking hours but under 60 beats per min- 
ute during sleep. Irregularities in the heart rhythm have not been 
observed i)rior, dining, or subscciuent to any of the seizures. 

Centgh and Tlcmopiysis . — The most striking and alarming feature of 
these episodes is the blood spitting that appears .shortly after the onset 
of difficulty in breathing which is irshered in at the same time as the 
palpitation of the heart. At first the respirations arc merelj' increased. 
Within a short time the expirations become prolonged, just as in the 
breathing of asthmatic patients when only sibilant and sonorous rides 
are heard over both chests. Paroxysmal coughing with mild blood spit- 
ting usually follows, and unless the blood is brought up from the lungs 
with each coughing paroxysm, it may be reflexly swallowed as it spills 
over from the trachea into the pharynx. This has been observed to oc- 
cur without the patient's laiowledge during sleep. The eiddence that 
such a seiziu-e has taken place during a patient’s sleep is obvious when 
irritability of the stomach follows its overflowing, and the swallowed 
blood from the liuigs is vomited in large quantities as bromiish coffee- 
ground material. 

The first expectorated transudate from the lungs may be the frothy 
t 3 '^pe of red-tinged sputum that is seen so often in patients with mild 
attacks of pulmonaiy edema, a condition which, like profuse hemoptysis, 
may also occur paroxj’^smallj’- in patients ivith mitral stenosis.® This 
state may last several hours and finallj’’ end in a profuse and abundant 
bright red hemorrhage, vaiying in quantity from one hundred to several 
hundred cubic centimeters. Whereas “heart failure cells” are easily 
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seen ill the expectorated material during the milder sei7Aires, wlien the 
bleeding is abnndant, only red cells and fibrin arc seen on the micro- 
scopic examination. ^Ye bare never observed any clots brought np 
■with the spntnm, and the streaking may stop as suddenly as it is ush- 
ered in. 

With the appearance of the blood, the physical signs in the lungs 
change and may be very variable from hour to liour, depending upon 
the severity and the duration of the seizure. Dullness with diminished 
breath sounds may be at first localized to only one part of the chest, 
the upper right chest being the most common site and the most fre- 
quently involved. Later, as the attack is prolonged, the signs may ex- 
tend to both lungs, antcriorlj’- and posteriorly, and now the rAlcs become 
large, moist, and bubbling, and appear very near to the ear. 

On only one occasion was there noted a temperature increase to 101° 
F., and this lasted for two da 3 ’'s. Localized friction sounds, such as arc 
heard so freqiientlj^ in infarction of the lung with pleural involvement, 
are absent, as is the localized sharp pain which often accompanies the 
development of these. 

The X-ray Signs . — The usual roentgen ra^' findings in the average 
patient with moisture in the lungs is well knovm.'® Stasis in the lungs 
is characterized bj" an increase in the hilar shadows, which in the pres- 
ence of mitral stenosis assumes the form of a capital H with both limbs 
of the H extending upward and domiward from the root of the lung 
toward the peripheiy. In some there is an increase in the density of 
perivascular tissues, and in the further advanced cases the lungs have 
the mottled appearance seen so frequentlj’’ in miliaiy tuberculosis. Often 
there is thickening of the pleura from some previous inflammation which 
is seen on the films as darker shadows along the edges of the lungs; 
and occasionally a still denser shadow at the bases, in paidicular at 
the left base, has been found as.sociated with atelectasis from compres- 
sion of the bronchus by an enlarged left auricle. In addition to such 
signs there may be superimposed upon the lung fields of patients with 
blood-spitting episodes, diffuse shadows extending from the hilum to- 
ward the peripheiy, often mistaken for infiltrations within lung 
parench^^ma due to pneumonia. The transudates in the alveoli may be 
localized, at such times, to only one part of the lung field, often restrict- 
ing themselves to one lobe, and maj^ remain so until the end of the at- 
tack. These shadows have also been mistaken for localized interlobar 
effusions when the exudate involved the areas adjacent to the interlobar 
fissure. All of these shadows have been seen to disappear within a few 
days after their development without leaving an,y traces in the lung 
fields to indicate the widespread involvement observed prerdousty. 

The most common differential diagnosis in which the x-ra^^ shadoivs 
may shed some light on the underljung pathological lesion responsible 
for blood spitting is that of infarction of the lung, in which a wedge- 
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shaped densitj’- is often found to spread from the hilar region toward 
the periphery, well demarcated from the rest of the lung tissue. In such 
eases, however, the clinical manifestations of pain, fever, leucocytosis, 
and jaundice are often more reliable than the roentgen ray evidence. 

Treatment . — It has been impossible to prevent the onset of such 
seizures in any of our patients. Once the attack sets in, the adequate 
use of morphine sulphate as a sedative, with repeated injections of 
atropine sulphate, has helped to diy up the secretions and allay the 
apprehension that is always present. With all this, however, death has 
taken place from asphyxia when the attack has been very severe, although 
we have not observed death to occur in the actual process of the hemor- 
rhage.^ 

Pathology and Pathogenesis . — ^^^ery recently an attempt has been made 
by Proft^ on the basis of very meager pathological Ibidings, to separate 
patients with heart disease and severe hemoptyses into two distinct 
groups. In the first, in which no bleeding point is found within the 
lung parenchyma or its vessels, the hemorrhage is considered the result 
of the sudden dilatation of the lung capillaries with diapedesis in the 
alveoli. Although such patients have heart failure cells in their sputum, 
peripheral manifestations of congestive heart failure, such as hepatic 
enlargement and anasarca, are usually absent. In the second group "with 
peripheral stasis, Pi’oft attributes the bleeding to marked dilatation of 
the capillaries lining the small bronchioles and the possibility of rhexis 
or rupture of these is held to account for the symptoms and signs that 
follow. 

Our OAvn pathological obseiwations have revealed the Itmgs follo^ving 
such hemorrhages to be large, fleshy, and firm. On squeezing them, 
blood could be easily expressed. The cut sections ■were red and 
homogeneous. The bronchi and trachea showed marked engorgement 
and the alveolar capillaries were tremendously congested. No ruptured 
vessels ■were seen either grossly or microscopically in many sections ob- 
tained from these lungs. In the absence of any embolic or thrombotic 
manifestations, the most plausible cause for the bleeding at present seems 
to be that of diapedesis. The immediate factors responsible for initiat- 
ing this mechanism periodically in recun-ing forms in such patients as 
we have described above merits further attention and study. 

SUMMARY AND CONCLUSIONS 

1. Severe paroxysmal pulmonary hemorrhages, not due to intrinsic 
disease of the lungs, are uncommon in patients with mitral stenosis. 
Three cases are reported of young adults under thirty years of age, 
suffering from chronic rheumatic cardioval'vular disease with mitral 

♦The progrnosis in the few cases we have observed has been poor, as most of the 
cases have died within a few years of the onset of the hemoptyses. One boy is still 
living a little over two years after the appearance of such attacks. 
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stenosis, whose main presenting symptoms were recurrent attacks of 
pulmonary hemorrhages. 

2. These attacks were characterized at times by an “aura” "with 
psychogenic manifestations, severe pains between the shoulder Ijlades, 
and palpitation of the heart. In one patient an urticarial rash ushered 
in the seizures. 

3. The onset of these attacks was usually during an afebrile period 
and came on many years after the first evidence of rheumatic fever. 

4. The attacks themselves were characterized by dyspnea, pain, 
asthmatic breathing, cough, and hemoptysis. At first the expectoration 
was frothy in nature, but later there were frank hemoptyscs in quantities 
of from one to several hundred cubic centimeters of blood. 

5. The lungs during such seizures showed evidences of either localized 
or diffuse transudation in the alveoli, and there was a characteristic 
x-ray picture that was often mistaken for pneumonia. The attacks 
would last from one hour to several days, and Avith their cessation the 
lung signs cleared up entirely. 

6. It Avas impossible to prevent the onset of such seizures in these 
patients by any medication. j\Iorphine sulphate and atropine sulphate 
administered in adequate doses folloAvhAg the seizures seemed to allay 
the fear and abate the hemoptysis. 

7. Taa'o of these patients died AA'ithhi three years folloAAing the onset 
of such recurrent episodes. In the one case Avith autopsy no bleeding 
point could be found. 

8. It is probable that in the absence of any embolic or thrombotic 
manifestations in the lungs, such seizures are the result of some reflex 
stimulation of the capillaries lining the alveoli, resulting in hemorrhages 
from diapedesis, or possibly also from rhexis of capillaries lining the 
Avails of the bronchial tree. 

{For disciiKition nee p. 113.) 
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A CLINICAL CONCEPTION OF RHEUMATIC HEART DISEASE* 


Samuel A. Levine, M.D. 

Boston, ]\Iass. 

|V >f OST phj^sicians are still of the opinion that the cause of rheumatic 
•1-Vl fever or rheumatic heart disease is unlmown. It is true that of 
all infectious agents the streptococci have been studied most arduously 
and that they are apparently more intimately related to rheumatic 
fever and its various accompaniments, than other mici’oorganisms. De- 
spite these painstaking bacteriological efforts, on critical analysis it 
cannot be said that streptococci cause rheumatic heart disease; however, 
such infections may aggravate the rheumatic condition. Similarly, one 
may say that the diligent search and removal of foci of infection has 
proved far from effective either in preventing or in ameliorating the 
terrible ravages of the disease. With the situation as it stands, recog- 
nizing the great importance of continued study of the bacteriological 
aspects of the question, there is another phase of the problem that I 
feel has not received sufficient attention. I refer to the condition of the 
host or patient, the internal environment in which the disease develops, 
and especially the possible role the glands of internal secretion may 
be playing. 

The response of the human body to outside influences is very variable 
and difficult to predict. This is true whether the offending agent is a 
physical, chemical, or infectious cause, or -whether it is a psychic trauma. 
It is common knowledge that one individual may lose his entire business 
and as a result commit suicide, while another merely smiles and starts 
right over again. One jilted suitor becomes depressed, another takes to 
drink and a third laughs it off. So it is with infectious diseases, A 
luetic infection develops into a stubborn dermatological syphilide in one 
case and in another may show very little skin and a great deal of early 
nervous system involvement, as if the infection had taken a direct route 
to the brain and meninges. We have been too ready to ascribe these 
differences to variations in the virulence or specific tj^ie of the invading 
organisms. On the other hand, there is much to make us believe that the 
peculiarity of the patient may have a great deal to do -with these in- 
explicable phenomena. Not only do human individuals differ from each 
other, but we differ from year to year and from month to month in our 
bodily behavior, in our physical, anatomical, and chemical make-up, and 
presumably in our biological reactions to bactei’iologieal invasions. Some 
extremely important observations in this regard were published by 
Bro-wn^ and his coworkers. He found that in rabbits there were eon- 

'Reail before the American Heart Association, Milwaukee, -Wisconsin. June 13. 1933. 
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siderablc differences in the relative weight of the different organs of the 
body during different months of the year. This was particularly true 
of the endocrine glands. It is reasonable to assume that similar seasonal 
variations occur in human beings. By Ibis is meant that we have a 
greater or lesser amount of thyroid or })ituitary gland in proportion 
to the entire body weight at one time of the year than at another. Sim- 
ilar changes in the chemical constituents of the blood, svich as calcium, 
phosphorus, lecithin, and cholesterol, were also observed. The x^urpose 
of this communication is to call attention to the i)Ossibility that such 
changes in balance in the intcnial environment of the human body may 
have a direct bearing on the lu-oblem of rheumatic fever. 

The causative agent of rheumatic fever is X)robably very prevalent 
in certain parts of the world. Notwithstanding this great prevalence 
and the failure to develop lasting immunity to recurrences (for the very 
opposite is characteristic of the disease), only a small part of the pojni- 
lation develops this disease. It seems likely that many if not all arc 
exposed to the infection, certainly if the streptococci have much to do 
nith it. Is it not reasonable to assume that the condition of the in- 
dividual host determines whether the disease develops and what form it 
'Will take? One cliild gets the infection and mnnife.sts it in the form 
of St. Vitus’ dance, another i)olyarlicular rheumatism, a third .skin 
lesions, a foui’th may show none of these lesions and respond purely 
nitli a pericarditis, and a fifth may only have a slight fever, sweats, 
and anemia without gross cardiac or arthritic involvement. Further- 
more, in the same person the internal environment may be in such a 
state that during one month or one year he may have chorea and at 
another rheumatism. Such variations I do not believe can be ascribed 
to changes in the infectious agent but arc more likely due to changes 
in the host. 

A very striking observation with regard to chorea illustrates the gen- 
eral thesis presented above. ^Yhcrcas chorea very commonly lasts foi- 
months and tends to recur at times over a period of years, one prac- 
tically never sees chorea in patients over twenty years old, except under 
one circumstance and that is in a pregnant woman. Here again preg- 
nancy fundamentally alters the internal environment of the patient, espe- 
cially the endocrine balance. It is more reasonable to assume that this 
altered state of the internal environment is re.sxionsiblc for the peculiar 
recurrence of this disease at this time, than to suxrposc that the infec- 
tious agent just happened to become reaetir’'ated during jrregnancy. A 
further illustration is the occurrerrcc of so-called ''growing paijis. AVe 
all frequently see these children with recurrent jrains in the limbs during 
their early years, which disappear as full growth is established. The 
term growirrg pairrs attains more than colloquial sigirificance when it 
is viewed in the light that the rheumatic pains disappear and the dis- 
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eiiso is liold in cheek avIioii the ])roi)er endocniic balance, jjossibly dc- 
Icrinined in this instance l)y tin: ])ituitai‘y p:land, has been established. 

Anotlier pccnliarity ot rheinnatic fever is of interest in relation to 
the internal environinejit. of the host, i.e., the familial incidence of the 
di.scase. It is obvious that children of the same family arc e.\i)o.scd to 
the same surroundings — food, climate, and hygienic conditions. These 
factors and the spread of infection by contact no doubt are imi)ortant 
in producing a high familial incidence of the di.sease. 1 do not think, 
however, that this is the entire ex])lanation. 'J'here must be an additional 
hereditary factor of vascular vulnerability. The following e.Kixjrienccs 
throw some light on this (piestion. A hu.sband and wif(‘ died of coronary 
artery disease. Among their children three d(;vcloj)ed hyjjertension in 
the thirties oi- early forties. In each instance there has already been 
one child (a grandchild of the. original anginal grandj)arenl.s), with 
rheumatic fever or chorea. These three rheumatic children have lived 
in entirely different loealitic.s, one in New Hampshire and the other two 
in different parts of !Ma.ssachu.sett.s, and .sec each other but rarely. It 
hardly seems that contact or environment are adecpiatc to e.xplain this. 
Likewise, a little boy, eight yeans old, ])reviou.sly ])erfcctly well, de- 
veloped chorea during the month of February. Ilis mother, a mo.st in- 
telligent pereon, mentioned as a curious fact that her brother about 
twenty-five years previously had had the same disea.se (chorea) at the 
.same age (eight), and at the .same month of the year (February). It 
is unliliely that these four variable.s, disease, age, month, and family 
should occur together by mere chance. In the light of the work of 
Broini previously mentioned, it is jiroliable that the endocrine or bi- 
ological state of that boy, which he inherited from his mother, was just 
appropriate at that time to develop the disease just as happened to his 
uncle. These and similar c.xpcrienees form a background that is not at 
all new but which deserves more intensive consideration and cm])hasizc.s 
the impoi’tance of the host in the development of rheumatic heart dis- 
ease. The problem lends itself somewliat to cxjierimentation inasmuch 
as the progress in endocrinology' has been considerable during the past 
decade. At present numerous hormones of the glands of internal se- 
cretion are available, so that the effects of either an increase or de- 
crease in their functions may be studied in relation to the susceptibility 
to disease. There is reason to hope that such investigation will prove 
fruitful in tin-owing light on methods of prevention a7id treatment of 
rheumatic heart disease. 

(For disciu'ision see }). 112.) 
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I^IANIFESTATIONS IN SUBACUTE BACTERIAL 
ENDOCARDITIS IN CHILDREN^' 


0. Saphik, ]\r.D.j AK» S. A. ^YILK, M.D. 

Chicago, III, 

A POSSIBLE relationship of suhacnlc liaclerial endocarditis to 
rhcnmatic feverf l\as long attracted the attention of workers in 
this field. At present, some believe that these two conditions are dif- 
ferent diseases and others that they arc merely dilteront manifestations 
of the same disease. Since, snhaente bacterial endocarditis and rheumatic 
fever are not infrequently closely associated, a clinico-pathological study 
of the two diseases, when occurring in the same individual, seemed to 
offer a method of investigation which might aid in a better understand- 
ing of their possible relationship. 

It is sometimes difficult to make a differential diagnosis between rheu- 
matic fever and subacute bacterial endocarditis. At times the clinical 
picture of the former merges almost imiicrcejitibly into that of the latter. 
As a rule, however, there are certain essential differences. In rheumatic 
fever, endocarditis is but one manifestation of a general ]irocess, while 
in subacute bacterial endocarditis the valvular infection is the c.sscntial 
seat of the disease. It has been noted that rheumatic fever occurs 
chiefly in the first two decades of life while subacute bacterial endo- 
carditis occurs more often after the .second decade (Thayer^). It has 
been said repeatedl.v that subacute bacterial endocarditis rarely occurs 
in patients with mitral .stenosis or auricular librillation (Rothschild 
et al.,'* and Levine^) which arc among the common manifestations of 
rheumatic heart disease. It is Iniown that subacute bacterial endo- 
carditis at times develops long after the clinical evidence of an active 
rheumatic infection has subsided. Finally, the etiology of rheumatic 
fever is unknovm, while Slrcpiococcm viridans is usually demonstrable 
in blood cultures taken from patients -ttuth subacute bacterial endo- 
carditis. In spite of such apparent differences which can be recognized 
clinically, it is generally emphasized that a heart, valve which has been 
the seat of rheumatic endocarditis may later become involved in subacute 
bacterial endocarditis. 


Department of Patliolofrv of the Nelson Jrorrts Instltvite of the Jllchuel 
Itee.se Hospital and the Sarah Morris Hospilnl for Children. Chicago 
Aided by a errant from tlie Alljcrt Kuppcnlielmer Fund. 

Read in part at the Nintli Anmi.al Sciontidc Se.ssion of tlie Amerie-in Hearl Asso- 
ciation in Milwaukee. Wisconsin, June l.t. 1933 . ^Mueiic.m iitaii a.sso- 

,, (tie fullj 1 ealize Uie inadeciuacy of the terms rlieumatic fever rlieumatic infec- 
tion. rheumatic arthritis, etc. But bccau.so the more recently o ^ 

rheumatlsmus infectiosus specincus (GrUff>), rheumatic Branulo.natosis (FahrU etc 
express the essentia] of wh.at is ffenerally known rheumatic fevA we 
decided to use the old terminolo^ which at least has tlie adtamtage of nVo,-e 
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Up to the present time, most of tiic observations on a relation between 
subacute bacterial endocarditis and rheumatic fever have been made in 
adults. This is probablj'- due to the fact that until a few years ago 
subacute bacterial endocarditis in children was thought to be extremely 
rare (Blumer®). In adults, a rheumatic infection may antedate by a 
long period of time the death which results from subacute bacterial 
endocarditis. Consequently, anj’- association between these two condi- 
tions may have become obscured. 

We selected for study eases of subacute bacterial endocarditis oc- 
curring in children. A study of the clinical histories of these children, 
together with gross and histological examinations of the hearts, was 
undertaken in order to see if there existed evidence of a preceding or 
coincident rheumatic iirfeetion, and, if so, whether any relationship be- 
tween the two diseases could be established. In elnldren the time in- 
terval between a possible rheumatic infection and the subacute bacterial 
endocarditis would necessarily be shorter than in adults. 

Our series eomiDrises 10 eases of subacute bacterial endocarditis. Eight 
were cMldren and 2 in tlie early adolescent period who had been under 
observation since ehildliood.® The clinical diagiLOsis of subacute bacterial 
endocarditis was confirmed in each case at autopsjL Six of this group 
were males and 4 were females; the ages ranged from five years to the 
young adolescents, both of whom were nineteen years old. In 6 of the 
10 patients we were able to obtain a cleai’-cut history of a preceding 
rheumatic polyarthritis; 3 other patients gave a history of frequent sore 
throats and fleeting joint pains which might be interpreted as evidence 
of a rheumatic infection. In another patient there was a history of 
transient joint swellings following an acute infection, diagnosed as 
measles. None of the children gave a history of chorea, and subcutaneous 
nodules were present in only one patient. Table I gives a summary of 
the significant clinical findings of our patients. It also summarizes the 
comparable clinical findings in 10 other children dying of rheumatic 
heart disease, used as controls. 

Of the 6 patients with a definite history of previous rheumatic poly- 
arthritis, 2 had only one attack, 1 had two, 1 three, and 2 others had 
repeated attacks. Of the 2 patients with only one attack, the time 
intemml between the rheumatic polyarthritis and the appearance of 
clinical signs of subacute bacterial endocarditis was five months in one 
and nine and one-half years in the other. In the 2 patients who had 
two and three attacks of polyarthritis, the time interval between the 
last attack and the clinical onset of subacute bacterial endocarditis was 
three months and five months respectively. Of the 2 patients who had 
repeated attacks of polyarthritis, the last attack antedated the clinical 

*We are Indebted to the Attending Staff of the Sarah Morris Hospital for the use 
of these cases. 
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picture of subacute bacterial endocarditis by seven months in one, while 
the other had an acute xiolyarthritis two weeks before the clinical signs 
of subacute bacterial endocarditis appeared. Of the 4 patients who did 
not have a definite liistory of rheumatic polyarthritis, 1 revealed clinical 
evidence of subacute bacterial endocarditis five years after the occur- 
rence of the last probable clinical rheumatic manifestation, 1 developed 
acute polyarthritis shortly after admission to the hospital and four 
weeks later the first clinical signs of subacute bacterial endocarditis 
appeared, another had transient joint swellings three weeks before the 
appearance of the clinical signs of subacute bacterial endocarditis and 
in the remaining patient, no time relationship could be established and 
clinical evidence of bacterial endocarditis developed after a long period 
of time during which the patient was apparently well. In the 7 patients 
who had more than one attack of a clinically active rheumatic infection, 
the time betiveen the attacks varied greatljL Five of these 7 patients 
had repeated attacks at intervals varying from a few weeks to several 
months. In 2 of these patients, there had been an inteiwal of four years 
during which time there was apparently no clinically active rheumatic 
infection. In the 2 cases with two and three attacks respectively the 
time between the attacks was nine and one-half years in the first instance 
and one to one and one-half years in the latter. In 5 of the 9 patients 
in whom the time interval between the last rheumatic manifestations 
and the appearance of clinical signs of subacute bacterial endocarditis 
could be estimated, the actual onset of the subacute bacterial endocarditis 
could not be determined. The onset of the final illness was similar in 
every respect to the preceding attacks of acute rheumatic infection and 
gradually merged into the clinical picture of subacute bacterial endo- 
carditis. The duration of life from the first clinical evidence of an active 
rheumatic infection varied from four weeks to eleven years. 

Eight of our patients had had previous tonsillectomies. In 6 of these 
the tonsils had been removed from one to seven years prior to the on- 
set of clinical evidence of a rheumatic infection. In 2 patients tonsil- 
lectomies had been done one year and five months respectively after the 
onset of the first attack of acute polyarthritis. Of these 2, 1 had re- 
peated attacks of acute polyarthritis after tonsillectomy while the other 
had only one attack. Tonsillectomy seemed to have no bearing in our 
cases on the development of a clinically active rheumatic infection or 
on the development of subacute bacterial endocarditis. 

In 7 of our patients, the rheumatic infection was known to have in- 
volved the heart, while in 3, heart -disease was first noted on admission 
to the hospital. Clinically, the mitral valve alone was thought to be 
involved in 4 instances, and the mitral and aortic valves in the remain- 
ing 6. Sti eptococcus virida/iis was obtained in blood cultures taken from 
all 10 patients. 
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From an analj^sis of the clinical records of these patients it seems 
evident that neither the number of preceding rheumatic attacks, tlie 
time interval between the attacks, nor the length of time elapsing from 
the last clinical manifestation of an active rheumatic infection to the 
clinical onset of subacute bacterial endocarditis is of any special signif- 
icance in regard to the development of subacute bacterial endocarditis. 

For comparison we analyzed the clinical records of 10 other children 
dying of uncomplicated rheumatic heart disease. The diagnosis in each 
instance was verified at autops}". In tliis group, 9 gave a history of a 
preceding rheumatic infection. Three had one attack, 1 two, 1 three, 
and 5 had repeated attacks. The time between the attacks varied from 
two weeks to seven years. The time interval fi’om the last evidence of 
an active rheumatic infection to tlie oiiset of tlie final illness varied 



Pig. 1. — Subacute bacterial endocarditis of the mitral valve. Note tlie size of the 
vegetations, the Involvement of the auricular endocardium, and the thickened chordae 
tendineae. 


from two weeks to three years. The duration of life from the first evi- 
dence of an active rheumatic infection varied from two months to nine 
and one-half years. It is obvious that the number of rheumatic attacks, 
the interval between attacks, the time elapsing from the last attack to 
the onset of the final illness, and the duration of life are similar in 
those ehildren studied Avho have had a rheumatic infection and finally 
developed subacute bacterial endocarditis and in those who subsequently 
died of uncomplicated rheumatic heart disease. 

An autopsj^ was performed in all of our 10 cases of subacute bacterial 
endocarditis. These hearts shoAved the typical lesions of subacute bac- 
terial endocarditis. In addition to large Amgetations on the valves and 
the mural endocardium, various degrees of thickening Avere found in the 
AmlATilar areas. Without giving a detailed description of the gross heart 
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findings, it can be stated liriefly that the mitral valve alone was affected 
in 4 instances and the arotic and mitral valves together in 4. In one 
instance, the mitral and tricuspid valves were involved and in another 
the mitral, aortic, and pulmonic valves. In four of the ton hearts, there 
was evidence of moderate stenosis of the mitral orifice. Sections of the 
vegetations on the valves showed gram-positive cocci in every instance. 

The histological examinations of the myocardium revealed various 
changes. Small abscesses were found in some of the hearts. In others, 
there were accumulations of lymphocytes and endothelial cells, partly 
within the parenchyma and partly within the interstitial tissue. In 
some instances, large areas consisting of a proliferation of connective 



Fig. 2. 



Fig. 3. 


Fig. 2. — ^Aschoff body in the myocardium.* (Heinatoxylin-eosin preparation) (XSoO). 

Fig. 3. — ^Aschoff body in the myocardium. Note tlie multinucleated cells. (Iron- 
h ematoxylln preparation ) ( X 4 5 0 ) . 


tissue cells were seen, with a few neivly formed connective tissue fibers, 
small blood vessels, and occasional lymphocytes. These areas were found 
interrupting the course of the heart muscle fibers. Simple fibrosis, peri- 
vascular in distribution, was often encountered. 

In addition to these changes, typical Aschoff bodies were found in 
every instance. We wish to emphasize that Avhenever there was doubt 
whether oi’ not a lesion was an Aschoff body, it was not diagnosed as 
such. Gross'" has recently taken a similar attitude. Cellular infiltra- 
tions resembling Aschoff bodies were not included. The Aschoff bodies 
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invariably consisted of infiltrations of large cells often sliowing a 
basophilic cjdoplasm containing one, two, or three nuclei, a few lympho- 
cjdes, and an occasional plasma cell and polymorphonuclear leucocyte. 
These accumulations of cells were almost always found in the vicinity 
of the blood vessels. Occasionally, necrotic foci or a fibrin-lilce ma- 
terial were encountered in these areas. The large cells were seen in 
parallel rows, often assuming a tjTJical palisade arrangement. The 
internal structure of the nuclei of some of these cells could be compared 
with that of a spider web. Apparentlj’- depending upon the pressure 
of the surrounding tissues, the cells were either compactly arranged, tlic 
Aschoff bodies presenting an elongated appearance, or tlie cells were 
well separated from one anotlier, the Aschoff bodies appearing rather 
square or round. Since a discussion of the origin of the large cells 
would far exceed the scope of this communication, we merely wish to 
state that we believe that these cells are polyblasts rather than myocytes. 
The various routine stains for bacteria did not reveal microorganisms 
within the Aschoff bodies. 

"We are well aware of the discrepancy of opinioji as to what constitutes 
an Aschoff body. This was brought forward at the relevant discussion 
during the conventions of the Association of the Americair Pathologists 
and Bacteriologists in 1929 and 1930. Tin's discrepancy of opinion is 
due to differences in the criteria used for identifying Aschoff bodies. 
These variations in criteria apparerrtly result from the fact that some 
authors (Klinge,® Klinge and VaubeP) believe that arr Aschoff body 
may uirdergo changes and various stages of dcvelopmeirt, losing some 
characteristics arrd gairring others. We must emphasize, however, that 
hr our opinion, the Aselioff body is unquestionably recognizable in one 
stage only. Tliis is the one we have described. Structure.s, presumably 
Aschoff bodies in different stages of development, if they occur at all, 
should be classified uirder the broader tenn of ‘‘structures resembling 
Aschoff bodies.” We fuUy realize that we may fail to recognize some 
Aschoff bodies, and thus fail to make a diagnosis of rheumatic myo- 
carditis, if we use such rigid criteria for identification. On the other 
hand, we will be less likely to err in considering cellular infiltrations 
resembling Aschoff bodies as true Aschoff bodies. Tlie accompanying 
pictrrres are charaeteri.stic, and only Avhen the cellular infiltration con- 
forms to such a picture do we believe we are justified in designating the 
structure an Aschoff body. It may be of interest to quote Thnyeri" 
who stated, “The focal perivascular Aschoff bodies arc quite character- 
istic and unlike anything that we have seen under other circtimsfanee.s. 
They appear to be distinctive of acute rheumatic heart disease. 

It may be added that it i.s .sometime.s difficult to determine whether 
some authora con.sider rheumatic nodules, and Aseliofi bodies in the 
myocardium identical or different straeturcs. Clawson" uses these terms 
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interchangeably, and Saeks^= stated, ‘Tathologists are generally agreed 
upon the fundamental histological similarity bclAVCcn the subcutaneous 
rheumatic nodules and the Ascholf bodies.” From our experience, how- 
ever, we have come to the conclusion that the Aschoff body found in the 
heart and occasionally in other tissues, and the rheumatic nodules found 
in the subcutaneous tissue, arc morphologically different structures. The 
latter is a nonspecific tissue inflammation somewhat resembling Aschoff 
bodies, the former — as will be pointed out later — ^is more likely a specific 
tissue reaction. To avoid any confusion we have used the term Aschoff 
bodj’’ exclusively for the specific lesion found in the myocardium. 

So far, we have been able to show that in 8 children and 2 in the 
adolescent period dying of subacute bacterial endocarditis, clinical evi- 
dence of a preceding rheumatic infection was present in every instance. 
All cases at autopsy revealed typical Aschoff bodies within the myo- 
cardium and vahmlar changes charactcri.stic of subacute bacterial endo- 
carditis. 

DISCUSSION 

It seems to us that there are three possible cxj)lanation.s for these 
two findings; (1) A coincidental occurrence. (2) Both conditions may 
be manifestations of the same disease, differing only in the immunological 
re.sponse of the individual. (3) Both conditions may be related so 
far as the injury due to a ])rcvious rheumatic infection may predispose 
the valve to a subsequent subacute bacterial endocarditis. 

Regardless of the possible theories of a cause and effect relation be- 
tween rheumatic fever and subacute bacterial endocarditis, a coinci- 
dental occurrence cannot be ruled out. AVe have no proof for the as- 
sumption that rheumatic fever and subacute bacterial endocarditis may 
run a parallel course in the same patient without any causative relation 
to one another. Neither can w'c conclusively disprove a coincidental 
occurrence, "We can merely say that such a coincidence seems to us 
quite unlikely. 

Allergy is an attractive explanation of rheumatic fever and subacute 
bacterial endocarditis; but at best it is an hypothesis founded on animal 
experiments and theories Avhich still remain to be proved. Swift” staled 
that the experimental demonstration of the hypersensitive and immune 
tjq)es of reaction toward streptococci seems transferable by analogy to 
the clinical conditions of patients with rheumatic fever and with sub- 
acute streptococcus endocarditis respectively. The difference in the dis- 
eases is supposed to lie in the difference of the reaction of the host. 

Since rheumatic fever has been considered an allergic phenomenon, 
the significance of the Aschoff body has az'oused much discussion among 
the workers in this field. Some still believe in the specificity of the 
Aschoff body, while others deny this and regard it merely as a non- 
specific (hyperergic) reaction. It seems clear to us that the supporters 
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of the allergic theory must dispose of the Aschoff body as the specific 
histological entity of rheumatic myocarditis. Otherwise, they cannot' 
assume that the Aschoff body merely signifies an hyperergic reaction of 
the patient toward a nonspecific cause. It must be postulated, however, 
that in order to disprove the specificity of the Aschoff body, unquestion- 
able Aschoff bodies must be produced experimentally. Although it is 
claimed by some authors that thej' have been able to produce Aschoff 
bodies experimental!}^ in previously sensitized animals and in others not 
sensitized, in' our opinion this has not yet been accomplished. To judge 
from the reproductions of the histological sections showr by these various 
authors, it should be pointed out that the experimentally produced in- 
flammatory exudate, though morphologically resembling an Aschoff 
body, is in no instance typical of one. 'We firmly agTee with Aschoff^ 
who, during a discussion of this subject in 1925, stated that the lesions 



Pig. 4. Pip. 5. 

Pig. 4. — Picture taken from Klinge and Vaubel’s article.” Called : Typical Aschoff 
body with giant cells in intlma of aortaj 

Pig. 5. — Picture taken from Swift’s article.” Called: Subcutaneous rlieuniatlc 
nodule showing intense proliferation of fixed cells around groups of blood vessels. 

in question are beautiful examples of hyperergic inflammation but are 
not typical of Aschoff bodies. Four years later, Aschoff^® again warned 
against considering the histological changes found in instances of 
anaphylactic shock analogous to the nodules seen in rheumatic fever. 
It should also be mentioned that the few reports of the presence of 
Aschoff bodies in the hearts of patients dying from diseases other than 
rheumatic fever are used as further evidence against the specificity of 
the Aschoff body (Siegmund,^® Clawson, “ v. Miiller^"). It still remains 
to be proved, however, whether these lesions were Aschoff bodies and, 
if so, whether the patients had not had a previous rheumatic infection 
and the Aschoff nodules were anatomical evidence of a rheumatic myo- 
carditis. A similar criticism was made recently by Fahr.^® It might be 
of interest to mention in this connection that recently Loewe, Gross and 
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Eliasopli^® failed in their attempts to reproduce rheumatic disease in 
animals. As long as the eanse of rheumatic fever is not definitely estab- 
lished, as long as typical Aschofi bodies are not demonstrable in condi- 
tions other than rheumatic fever, and as long as typical AschofE bodies 
similar to those found in human hearts cannot be reproduced experi- 
mentally, so long must we regard the Aschoff body — just as we regard 
the tubercle and gumma as the specific tissue reaction toward the tubercle 
bacillus and the Treponema pallidum respectively — as a specific tissue 
reaction toward the unknown causative agent of rheumatic fever. We 
feel that at the present time we are forced to lielieve that the Aschoff 
body is a specific granuloma caused by the virus of rheumatic fever, 
even though it is not yet possible to demonstrate that virus by the use 
of present-day laboratory facilities. It seems to us that the burden of 
proof rests upon those who hold that the Aschoff body is the nonspecific 
reaction of a sensitized tissue toivard a nonspecific virus. 



Fig. 6. Fig-. 7. 

Fig. 6. — Picture taken from Kiinge’.s article.^ Called : Granuloma in myocardium in 
experimentally produced chronic recurrent anaphylactic inflammation. 

Fig. 7. — Picture taken from Clawson’s article.^ Experimental nodule in subcuta- 
neous tissue of rabbit. 

The supposed immune response in subacute bacterial endocarditis as 
evidenced by skin tests is open to question. Howell and Corrigan^o made 
sidn tests on two patients with subacute bacterial endocarditis. They 
found the skin tests repeatedly negative in one patient, revealing an 
immune reaction, while in the other the tests were repeatedly positive. 
Both cases, as proved by post-mortem examination, were definite examples 
of subacute bacterial endocai’ditis. In both instances Streptococcus 
viridans was cultured from the blood and in both instances the skin 
tests were made with filtrates of these and other bacteria. As this ex- 
periment was repeated several times, it seems to show that subacute bac- 
terial endocarditis was not an immune response in at least one of these 
patients. Since the hypothesis of the immune reaction does not hold in 
all instances, we do not believe its validity is established. 
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The finding of typical Aschoff bodies in the myocardium in our 10 
cases of subacute bacterial endocarditis seems to us evidence against 
the assumption that subacute bacterial endocarditis is the immune re- 
sponse in a previouslj^ hypersensitive person. It would be difficult to 
explain why a person should react almost simultaneously in two ways; 
namely, with a hj^persensitive reaction, of which the Aschoff body is 
supposed to be an example, and with an immune reaction, of which 
subacute bacterial endocarditis is a paradigm. 

The finding of moderate stenosis of the mitral orifice in 4 of our 10 
patients is of interest. It has been suggested (Fulton and Levine"^) that 
the infrequency of subacute bacterial endocarditis in patients with mitral 
stenosis is due to the fact that the stenosis results from a progi’essive 
rheumatic infection, and eonsequentlj’- there is a persistence of the 
allergic state. Even in this small group of eases, it appears that the 
occurrence of subacute bacterial endocarditis in patients with stenosis of 
the mitral orifice is not as infrequent as one may be led to believe. 
Very recently, Davis and Weiss-^ in an analj^'sis of 47 autopsies on 
patients djdng of subacute bacterial endocarditis found stenosis of the 
mitral orifice in 12 instances, while in a group of 474 patients showing 
evidence of rheumatic heart disease this lesion was present 142 times. 
They concluded that subacute bacterial endocarditis occurs in about the 
same proportion of patients with mitral stenosis as mitral stenosis oc- 
curs in patients with rheumatic endocarditis. They also stated that 
statistical analysis and morphological findings indicate that any degree 
of rheumatic endocarditis is equally liable to be the basis of a subacute 
bacterial endocarditic process. Owing to the relatively large number of 
rheumatic hearts vdth mild lesions, instances of subacute bacterial endo- 
carditis occurring with marked mitral stenosis are correspondingly in- 
frequent. The relative infrequency of subacute bacterial endocarditis 
in patients developing auricular fibrillation mi^ht also be explained on 
this basis. 

If we consider a coincidental occurrence or a difference in the im- 
munologic response of a person as unsatisfactory explanations of the 
relationship between rheumatic fever and subacute bacterial endocarditis, 
we must then come to the conclusion that a primarily diseased valve 
mechanically predisposes to a subsequent subacute bacterial infection. 
This Avas the prevailing opinion until a feAv years ago. The most com- 
mon predisposing factors Avere thought to be an old rheumatic endo- 
carditis and congenital anomalies of the heart. 

Tlie congenital anomalies per se AA^ere generally considei’ed to form 
the basis for a subsequent subacute bacterial endocarditis. It may be 
mentioned in this connection that we have studied 3 cases of subacute 
bacterial endocarditis supei'imposed on congenital defects of the heart. 
No evidence of a preceding rheumatic infection could be elicited from 
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tlie liistoiy and a careful histological examination of the hearts did not 
reveal any changes in the valves that could have been interpreted as evi- 
dence of a healed endocarditis. The myocardium showed neither Aschoff 
bodies nor fibrotic changes. It seems obvious that in these three in- 
stances the malformation alone predisposed the valves to the subsequent 
subacute bacterial endocarditis which was similar in every respect to 
the subacute bacterial endocarditis engrafted upon old inflammatory 
vahuilar lesions. 

The infrequent association of subacute bacterial endocarditis and in- 
sufficiency of the aortic valve due to syphilis (Blumer®) is often used 
as an argument against the susceptibility of primarily diseased valves 
to subacute bacterial endocarditis. It should be pointed out, however, 
that the deformity of the aortic valve resulting from any type of endo- 
carditis except that brought about by syphilis, is characterized either 
by a shortening of the cusps in their longitudinal diameter (insuffieiency 
of the valve) or by adliesions between the lateral portions of the cusps 
(stenosis of the aortic orifice). In both conditions, avc believe that the 
disfiguration of the valves provides, during their pliysiological activity, 
larger areas than normal for the settling of bacteria. A similar condi- 
tion is found in the most frequent congenital anomaly of the aortic valve 
which shows a common curtain of tivo cusps with a slight separation in 
the region of the sinus of Valsalva, (bicuspid aortic valve). The aortic 
valve in syphilis, however, is characterized by adhesions betw^een the 
lateral portions of the cusps to the aortic wall of the sinus of Valsalva 
(Saphir and Scott-®). Such adliesions produce a narrowing of the sinus, 
spreading of the commissures, and consequent limitation of the excur- 
sions of the cusps. We believe that because of the limited excursions of 
the cusps the area for settling of bacteria in syphilitic aortitis is much 
less than in the two previously mentioned conditions and offer this ex- 
planation for the rarity of subacute bacterial endocarditis being super- 
imposed on an insufficiency of the aortic valve caused by syphilis. 

The outstanding anatomical findings in our 10 cases were subacute 
bacterial endocarditis, older fibrotic lesions in the heart valves, peri- 
vascular areas of fibrosis, and Aschoff bodies in the myocardium. The 
possibility that the same agent which caused the final subacute bacterial 
endocarditis might also have caused the Aschoff bodies seems unlikely 
because the vegetations on the valves were loaded with gram-positive 
cocci while no organisms could be found within the Aschoff bodies. The 
question naturally arises as to whether the Aschoff bodies were recent 
and correspond to the onset of the subacute bacterial endocarditis or 
whether they were older, possibly dating from the primary rheumatic 
endocarditis. At first it might appear that the Aschoff bodies in our 
cases had been present since the first rheumatic infection. If, however, 
the perivascular areas of fibrosis are regarded as fibrous replacements 
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of Aschoff bodies, it would be diiYieuIt to explain why some of them 
should maintain their characteristic architecture while othei-s undergo 
fibrosis. It would seem, therefore, that the Aschoff bodies, in at least 
some of our heart specimens, were recent and indicate a new rheumatic 
infection which must have been present at the time of the development 
of the subacute bacterial endocarditis, the old primary rlieumatic infec- 
tion having healed. It is equally possible that the primary rheumatic 
myocarditis was chronic and slowly progressive in nature, showing a 
tendency toward healing (fibrosis) wth exacerbations (recent Aschoff 
bodies) still appearing. From an analysis of the clinical histories of our 
patients, it cannot be definitely determined whether the symptom-free 
periods indicate that the previous rheumatic infection liad healed and 
the subsequent rheumatic attacks were new infections, or Avhether the 
rheumatic infection was chronic and characterized by periods of quies- 
cence and exacerbations. Although in 2 of our patients the long time- 
interval between the rheumatic attacks Avould seem to suggest that the 
subsequent attack was an entirely new infection rather than an exacerba- 
tion of a chronic disease, the repeated attacks at a short time-intciwal iiv 
5 of the 7 patients with more than one attack cause us to feel that the 
infection is probably chronic and marked by periods of exacerbations. 
As suggested by Libman,"* it may Avell be that the development of an 
intereurrent infection, however mild, may serve to reactivate the quies- 
cent rheumatic infection. The fact that in 5 out of 10 patients the 
clinical picture of rheumatic fever had gradually merged into a char- 
acteristic picture of subacute bacterial endocarditis, might be the clinical 
parallel to the simultaneous presence of Aschoff bodies and subacute 
bacterial endocarditis. We believe that as the result of an incidental 
Streptococcus viridans bacteremia, bacteria settled upon the primarilj^ 
diseased valve. This infection, because of the fact that the valve was 
primarily diseased, possibly also because the older endocardial and myo- 
cardial lesions were chronic and progressive in nature, developed in such 
a fashion as to lead to the pictui-e of a subacute bacterial endocarditis. 
The finding of Aschoff bodies is significant beca\ise they indicate the 
rheumatic nature of the primary disease. 

SUMMARY AND CONCLUSIONS 

A clinieo-pathological studj’^ of 10 cases of subacute bacterial endo- 
carditis, 8 occurring in children and 2 in young adolescents who had been 
under observation since childhood, is reported. The clinical histories 
revealed evidence of a preceding rheumatic infection in eveiy instance. 
Anatomically, all hearts showed healed endocarditis, subacute bacterial 
endocarditis, and Aschoff bodies in the myocardium, in addition to other 
changes. The blood specimens revealed pure cultures of Streptococcus 
viridans and smears taken from the vegetations of the heart valves 
showed gram-positive cocci arranged in chains. 
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The relation between the rhenmatic infection and the final subacute 
bacterial endocarditis is discussed. A coincidental occurrence of these 
two conditions, though not definitely excluded, seems unlikely. Al- 
though allergy is an attractive explanation of rheumatic fever and its 
relation to subacute bacterial endocarditis, evidence is brought forward 
which seems to us to speak against the possibility of rheumatic fever 
being an allergic phenomenon and also against the assumption that both 
conditions are manifestations of the same disease, differing only in the 
immunological response of the host. At the present time the weight of 
evidence seems to be that the only relationship between rheumatic fever 
and subacute bacterial endocarditis is that the injury due to a previous 
rheumatic infection predisposes the valve to a subsequent subacute bac- 
terial endocarditis. 

The status of the Aschoff body is discussed and the conclusion reached 
that the Aschoff body is a characteristic structure and a specific reaction 
caused by the unlcnown virus of rheumatic fever. We feel that circum- 
scribed cellular infiltrations produced experimentally in hypersensitive 
animals, though morphologically resembling, are in no wmy character- 
istic of Aschoff bodies. We urge the use of strict criteria for identifica- 
tion of Aschoff bodies. 

The fact that in a number of cases the clinical rheumatic manifesta- 
tions gradually merged into the picture of subacute bacterial endo- 
carditis may account for the presence of recent Aschoff bodies in the 
myocardium of our patients dying of subacute bacterial endocarditis. 

{For (Jincussion nee page 107.) 
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RHEUMATIC HEART DISEASE 
III. EiMBOLic Manifestations^' t 

Soma Weiss, M.D., and David Davis, M.D. 

Boston, j\'Liss. 

'T^HERE lias arisen in recent years a keen interest in the study of 
* the nature of vascular occlusions and in the management of pa- 
tients until tills type of vascular lesion. Considerable investigative work 
has been done, particularly on coronary thrombosis, thrombophlebitis, 
and ptilmonary embolism. On the continent, especiallj^ in Germaiij^ 
suggestive statistics have been gathered indicating a significant rise in 
the incidence of vascular thrombosis and embolism during the past two 
decades, A’o satisfaetoi*}" explanation of tJiis oecuiTenee has as yet 
been found. 

It is recognized that in the total incidence of vascular thrombosis 
and embolism, chronic cardiovascular disease plays a prominent role. 
The significance of aideriosclcrosis with lesions of the intima, and of 
cardiac decompensation "with slow blood flow, in the development of 
coronary, cerebral, and Msceral arterial thrombosis, is fairly well estab- 
lished. With regard to embolic manifestations, however, the problem 
is more obscure. A search of the literature reveals that pre^dous studies 
have centered mainly on the problems of postoperative and postpartum 
pulmonaiy embolism. Information as to the relative roles of various 
types of heart disease in the incidence of embolic manifestations is not 
available; and although clinical experience suggests that among patients 
with “medical” diseases who develop embolism, rheumatic heart dis- 
ease is frequently present, no reports exist, so far as we Imow, dealing 
udth this problem statistically. This presentation aims, therefore, to 
shed somie light on the role and the clini cal nature of embolic man i festa - 
tions in patients with rheumatic heart disease. The problem contains 
sevErai~pr3'Ctical as well'liT' theoretical aspects. 

The basis of the present investigation is a combined analysis of the 
clinieal and the post-mortem data of 5,215 consecutive autopsies per- 
formed in the Boston Citj^ Hospital during a twenty-five-year period, 
ending with 1929. Such a combined consideration of clinieal and lab- 
oratory findings, with the morphological changes observed post mortem, 
is essential in establishing the relationship between the occurrence of 
rheumatic heart disease and the degree of disability as seen in the 

•Read before the American Heart Association. Mihvaukee, 'Wisconsin, on June 13, 
1933. , 

fProm the Thorndike Memoiial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medical 
School, Boston, Mass. 
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clinic. Tims, altliougli the total number of cases of rheumatic endo- 
carditis was as high as 474, an incidence of 9.1 per cent, in only 164 
inst ances was the cardiac damage directly responsible for — deathii.^ 
These 164 cases, representing on the whole the most advanced type of 
rheumatic cardiac damage, were then analyzed as to the presence or 
absence of embolism and thrombosis. Obviously a differentiation be- 
tween thrombosis and embolism, even when post-mortem examination is 
available, cannot alwaj^'s be made with eertainty. The clinical man- 
ifestations of the onset, the presence or absence of endocardial thrombi, 
and the character of the occluding plug often, but not always, help in 
this differentiation. 


FREQUENCY AND DISTRIBUTION OF INFARCTIONS 

As the absolute differentiation of vascular embolism and thrombosi.s 
is not always possible, altliough in the majorit}^ of instanees the com- 
bined clinical and U QSt-mortem data^indicatcd embolus as the cause 
of infarct, we shal l present embolic manifestniions— as-infarcts.. Vis- 
ceral or pulmonarj^nfaretion, single or multiple, i nvolving one or more 
organs was found in 73 patients .. (4 5-1)011 cent). In 1 additional patien t 
thrombosois _of the fem.Q£al_ve in - was . ■ p reseii t, and in 11 ad ditional 
p atien ts ext ensive ante-mor tem auricular throm bi were p resent~with - 
out embolic manifestations? Tl \is e. sSiQati 0 h— ofnifaretion during the 
course of rheumatic heart disease must be consider ed conservativ g. 
for the following reasons : 'iXf Emboli may have occurred in the past 
witl^t leading to infarct or the infarct may have completely healed; 
{2^ some emboli in the skin and in the extremities, which organs were 
not examined with suf6ciei^thoroughne.s.s post mortem, were in all prob- 
ability overlooked; and\o) owing to the fact that permission to exam- 
ine the brain was not always obtained, cerebral embolism may have been 
overlooked in some instances. 


Table I 

Distribution op Sites op Infarction 


Patients With Infarcts in One Organ 


1 

NO. OP CASES 

Lungs 

16 

Brain 

9 

Kidneys 

7 

Spleen 

5 

Arteries of legs 

2 

Mesenteric artery 

1 

Aorta and iliac arteries 

1 

Total No. of Cases 

41 


Single or multiple infarction of one organ was present in 41 pa- 
tients ( Tabl e J) ; in 22 instances single or multiple infarcts involved two 
organs (Table II) ; and in 10 patients infarcts were present in three or 
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more organs (Table HI). Tlic organs involved, in the order of fre- 
quency, n'crc : lungs '31, Ji rain 28, kidneys 25, s])lecn IS, extremities 
(aortic, iliac, awf'fcni^il av(crics) IQ, intestines (mesenteric artery) 
5, and liver 1. 

— In 4 of Tlic 16 patients with infarcts confined to the lungs, mural 
thrombi of the right auricle were the source of the embolus, and in two 
instances venous thrombosis was the source. One patient showed a 
large thrombus in a branch of the ]nilmonary artery. Thus the source 
o f_the embolus could be explained in only G of tbe 16 cases. Tn the 


Table II 

DlSTItinUTIOX OK SlTE.S OP iNKAUC'riON 
Patients With Infarcts in Two Org.nns 



i NO. OP CASES 

Lungs .'ind silicon 

4 

Lungs and kidneys 

4 

Brain and lungs 

a 

Brain and kidncy.s 


Brain and spleen i 

O 

Kidneys and spleen 

O 

Kidneys and iliac arteries 

1 

Lungs and femoral artery' 

1 

Brain and liver 

1 

Brain and incsonteric artery 

1 

Total No. of Cases , 

2^ 


Tablu III 

DiSTRinuTjox OP Sites op Ixpauctiox 
Patient.s With Infarcts in Three or More Organs 



i NO. OP CASES 

Brain, kidneys, and spleen 

1 3 

Brain, mesenteric artery, and arteries of leg 

1 

Brain, lungs, and spleen 

1 

Brain, kidneys, and aorta 

1 

Brain, kidneys, and iliac artery 

1 

Brain, lungs, kidneys, and intestines 

1 

Brain, lungs, kidneys, and arteries of leg 

1 

Kidneys, spleen, mesenteric, iliac, and femoral arteries 

1 

Total No. of Cases 




group of 15 patients with combined lung and organ infarcts a source 
of the embolus was revealed in 9. Thus, in 6 of this latter group and 
in 10 of the former group, or in approximately half of the cases, no 
obvious source of emboli has been found. In 5 instances of the un- 
explained group of 16, however, there was an acute vegetative process 
over the tricuspid valve. Pulmonary infarction is sometimes attributed 
to local thrombosis of the pulmonary vessels as a result of slow pul- 
monary circulation. This condition instead of embolism may well have 
been a factoi in these cases. The finding of plausible embolic sources 
of the infarcts in about 50 per cent of the eases, howevef} places the 
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burden of proof on those who maintain that in these instances the in- 
farcts were caused by local circulatory factors. 

Cerebral infarction was the cause of death in -22. cases of the present 
series, and in one additional case it was regarded as a c ontributiu g cause 
of death. In the 1^0 ca ses in which post-mortem e xamination of the brain 
was made, c erebromalacia or cvsts were foimd . The cerebral lesions 
were localized in the internal capsule, the basal ganglia, the restiform 
body, and the occipital lobe. In everj'’ patient with cerebral lesions 
clinical symptoms were present, and experience Math cases not included 
in this series indicates that the occurrence of cerebral embolism with 
symptoms and ■with complete functional recovery and absence of dem- 
onstrated infarction is not uncommon. The regularity of clinical man- 
ifestation in cerebral embolism is in sharp co ntrast to the frequent lack 
of~~Hin ical reco gnition of infarcts of tlir~suleen' kidneys, and oth er 
organs. 

THE ROLE OF THE EMBOLIC FACTOR IN THE CAUSATION OF DEATH 

The estimation of the role of embolism or infarction in the causation 
of death was often difficul t because o f the simult aneous presence of 
other bodily derangements.. For this reason the embolic manifestation 
held responsible-f or- death only when the climcal _cQndition_Qf_ the 
p atien t took a shaimlv defined do~wnhill course following the vascu lar 

It is well appreciated that complete recovery, or partial clinical re- 
covery "with life of years’ duration, following an embolus is not a rare 
occurrence. Thus, in the present series the combined clinical and post- 
mortem studies indicated that in at least 11 patients infarcts occurred 
at some time in the past course of the iUness. In 1 patient, a man 
fifty-five years of age, complete hemiplegia due to embolism developed 
as long as fourteen years before his last entrance into the hospital. In 
another case, a female patient thirty-five years of age, embolism in the 
right femoral arterj^ necessitating amputation of that leg developed 
wliile she was in the hospital three and a half years before the fatal 
cerebral embolism. 

, Table IV 


iLE OF Embolism in 164 Deaths From Eheumatic Heart Disease 



NO. OF CASES 

PER CENT 

Causing death 

26 

16 - 

Contributing to death 

8 

5 

Probably contributing to death 

10 

6 

Not contributing to death 

29 

18 


Table IV presents a conservative estimate of the frequency of dea'th 
due to embolism in the 164 cases of fatal rheumatic heart disease.- Acuu 
cordingly in 26 instances, or 16 per cent, death was caused by embolismj. 
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in an additional 8 cases, or 5 per cent, the embolic accident definitely- 
contributed to the occurrence of death. In 10 cases, or 6 per cent, 
there was suggestive but not conclusive evidence of the contributory 
infiuence of embolism. In IT of the 26 instances of fatal embolism, the 
accident occurred in patients with slight or no evidence of circulatory 
failure up to the time of infarction; in the remaining 9 patients there 
existed a considerable degree of circulatory insufficiency. In this series 
of 164 cases, as well as in other instances, following the occurrence 
of embolism, particularly in the brain, lungs, and extremities, the exist- 
ing circulatory impairment often became intensified, and at times cir- 
culatory insufficiency developed in patients with hitherto efficient cir- 
culation. 

The brain was by far the most frequent site of fatal emboli. In only 
one instance was embolism of a large branch of the pulmonary artery 
definitely the cause of death. In 11 other instances pulmonary in- 
farction played an important contributing part, and in 7 cases it played 
a suggestive role. The relation of the pulmonary infarcts to pneumonic 
processes was often not sufficiently clear to indicate the r61e of the 
infarcts in the pathogenesis of the pneumonia. Our analysis indicates 
that in 34 eases of fatal rheumatic heart disease, or 21 per cent, embolism 
played a chief or contributing part in the death of the patient. 

AURICULAR FIBRILLATION AND EMBOLIC MANIFESTATIONS 

The cardiac rhythm was determined in 131 of the series of 164 cases. 
Persistent or paroxysmal auricular fib rillatio n or flut ter w as present 
in 74 patients, or 57 per cent. In a group of 28 patients with extensive 
auricular thrombHtlie rhythm was determined in 25, and of this number 
22, or 88 per cent, exliibited auricular fibrillation. This high incidence 
of fibrillation suggests a relationship between auricular fibrillation and 
the formation of mural thrombi. This is not unexpected, in view of the 
dilated left auricle which fails to contract. 

THE RELATION OF MURAL THROMBI TO THE STATE OF RHEUMATIC 

ACTIVITY 

Auricular endocai'ditis in addition to valvular endocarditis occurred 
in a large number of cases in the series. The question was therefore 
raised as to whether active carditis plays a role in the formation of 
mural thrombi. Rheumatic activity of the h eart was determined by the 
presence alone or in combination of recent rheumatic arthritis, p,]inrp~n ^ 
acu te .. val vulitis, the presence of Aschoff bodies, and the presence of 
^ute pericarditis not othemuse explained. The combined clinical and 
jiost-mortem study revealed an activity during the last admission or 
j mst -mortem in /P eases, ox* 43 per cent; re cent activity in 7 ; and sug- 
^gestive evidence of activity in 13. In 74 patients a ctivity was not 
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present. Among the 28 patients with auricular tlirombi, activity was 
definitely present in 5 ; in 1 patient thei’e was suggestive evidence of 
activity. Thus activity was present in Irat IS per cent as contrasted 
with 47 per cent of the entire series. Activity is therefore not a factor 
of primary importance in the formation ol mural auricular tnrqmjji in 
'the"cdurse~6T flieumatie heart disease'.' ' ’ 

SOURCES OR EMBOLI 

Definite sources of emboli were found in only 30 of the 73 uatients 
with infarcts. This number includes only those instances of mural 
thrombi wliich exhibited defini te organization and firm attachment t o 
the wall . In 7 pati ents mtli vegetative processes over the valves, the 
thrombus was prominent . There were a nu mber of instances in which 
small verrucous vegetations were present over the valves, but the evi- 
dence that these vegetations were the source of emboli was insufficient. 
As the clinical history in the jiatients without determined source of 
emboli frequentlj’- indicated embolism rather than thrombosis, the ex- 
planation of the failure to find the source of the emboli must lie in one 
of two possibilities: (1) Either the local cardiac thrombi corresponded 
to the infarct and the source was completely dislodged: or (2) the s mall 
vernicous vegetation observed may have been the cause of embolic 
manifestation s. 

CLINICAL CONSIDERATIONS 

It is evident from the data presented that embolic episodes and in - 
farction occur frequen tl}’- during the cours e of r heumatic heart disease , 
^d that these aemHfintc! n significant role in thp nipidpnpji of 

death. As observations of patients indicate that purpuric skin lesions 
or petechiae may also occur in rheumatic heart disease, it follows that 
embolic manifestations and purpuric spots alone or in combination do 
not necessarily indicate subacute or acute bacterial endocarditis. Statis- 
tically the association of these manifestations mth regular cardiac 
rhjdhm favors the diagnosis of subacute or acute bacterial endocarditis, 
anatheir associ ation with- auricula r fibrillation the diagnos is of rheu- 
matic endocarditis- — 

In order to estimate th e comparative frequency of peripheral arterial 
embolic manifestations due to rheumatic heart disease and of embolism 
caused by other diseases, the underlying etiology o f 48 consecutive case s 
of cerebral embolism occurring in medical wards was determined. The 
diagnosis was considered definite clinically in eyerycaseqf the group. 
'Cerebral embolism has been eliosen for comnarison because, as was sho^vn 
above, embolism o f the brain regularly produces clinical s^ni drome. In 
this group of 48 cases, rhe umatic heart disease was considered as the 
source of embolism in _23 instances, chronic myocardial degeneration 
caused by arterial hype^nsion ol'-arteriosclerosis in 11 instances, sub- 
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acute bacte rial eiidjbarditis in 9, a uiTcular fibrilla limi pf nHdclcmjltcd 
cti^ogy" in 2, and (^ tlier causes iir‘3 iiistaiiccs . Thus, rheumatic heart 
disease Avas responsible for the oeeurreiice of embolism more often than 
any of the other diseases. 

There are a few additional bedside observations to which we should 
like to call attention. 1. It is stated that i n visceral embolism the onset 
of symptoms, and particularlj’- of pain, is sudden. A eareful analysis 
of the patient’s sensation reveals, on tlie other liand, that in splenic and 
Iddney infarcts particularly, the pain often starts as a mild discomfort 
wliich slowly or rapidly, in the course of minutes or hours, increases 
to severe pain. In view of the fact that these organs themselves are not 
sensitive to pain, but it is tlicir capsule or peritoneal covering which in- 
duces pain reflexly, it seems probable to us that in the origin of pain 
s econdary fibrinous perivisceritis plays the important role. 

2. Because emboli lodged in the larger vcssels,^ particularly in the 
lower portion of the aorta and the subclavian, radial, bracliial, iliac, 
femoral, popliteal, tibial arteries, can be removed with relative ease 
and safety provided the diagnosis is made promptly, knowledge of the 
variations in the clinical picture of embolism along the vessels is im- 
portant. In addition to the recognition of embolic manifestations of the 
extremities with classic clinical picture, it is important to appreciate 
that embolism is n ot always associated with excruciating pain over the 
extremities, but coldness, tingling, or numbness may be the only sub- 
jective sensation. These mild complaints in patients with heart disease, 
and pa rticularly with auricular fibrillation, should lead us to carefu l 
examination. 

3. The result of surgical removal o f emboli, as is known, is good if 
the diagnosis is made irithin five hours of onset, and fair up to fi fteen 
hours . At times no reliable history exists as to the onset. In 3 cases 
in which the onset of embolism could not be detennined, the patients 
^hibited marked tenderness on pressure along the arteries below the 
site of the embolus, and exploration revealed a secondaiy arterial 
thrombosis with hemorrhagic inflammatory reaction of the adventitia 
of the arteries. In these cases surgical interference was of no help. 
This sign, if confirmed on a larger number of cases, may be a guide 
in determining contraindication against surgical interference. 

Embolism of the arteries of the extremities does not always result in 
gangrene, and hence in some instances conservative management through 
establishment of efficient collateral circulation is followed by complete 
or partial recovery. The de cision between conservative care .nrid cm- 
bolecto my is a di fficult and a .delicate one. Partial occlusion of the 
artery, mild symptoms and signs of ischemia below the site of occlusion, 
good cardiac function, an elapse of a relatively long period after the 
onset, and occluded artery with good supply of collateral branches favor, 
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on the whole, conservative management. Any evidence of greatly in- 
adequate blood supply below the site of occlusion calls for prompt sur- 
gical interference. 

SUMMARY 

1. Infarction of one or more organs occurred in 73 cases, an incidence 
of 45 per cent, of a group of 164 eases in which death was caused by 
rheumatic heart disease. In 41 instances one organ, in 22 instances 
two organs, and in 10 instances three or more organs were involved 
by single or multiple infarcts. The organs involved in order of fre- 
quency wei’e: lungs 31, brain 28, kidneys 25, spleen 18, extremities 10, 
intestines 5, and liver 1. 

2. A conservative estimate revealed that in 34 eases, or 21 per cent 
of the total gi’oup, embolism played a chief or contributing part in the 
death of the patients. Embolism plays, therefore, a significant role in 
the causation of death in rheumatic heart disease. 

3. A statistical consideration suggests that auricular fibrillation rather 
than active rheumatic endocarditis of the auricles plays the primary 
etiological role in the formation of auricular thrombi. 

4. Rheumatic heart disease, moi’e than anj' other type of heart dis- 
ease, is responsible for embolic manifestations. 

5. Clinical considerations bearing on embolic manifestations are dis- 
cussed. 

(For discussion see f. 114.) 
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MITRAL STENOSIS'* 

A Clinical and Pathological Study op One Hundred Cases'* 

C. S. Stone, M.D., and H. S. Feil, M.D. 

Cleveland, Ohio 

A lthough correlation of clinical data and pathological findings 
'■ in cases of mitral stenosis has been repeatedlj’- done’^’ ■*’ ® in 
the light of present-day concepts of heart disease, it is important 
to reexamine the facts. The anatomical features were studied by 
Morgagni in 1762, but the clinical features were not adequately rec- 
ognized until the reports of Bouillaud in 1835,® and it is to him that 
we are indebted for much of the modem clinical knowledge of this 
valve lesion. Bouillaud emphasized the frequency' of the association 
of endocarditis and pericarditis with myoeai’ditis. He said: “I have 
never met a case of carditis [myocai’ditis as we know it] which was 
not complicated with endocarditis or pericarditis, and I must admit 
that the symptoms of these last two inflammatory conditions took my 
cntii’e attention.” Bouillaud also obseiwed the relation of endocardi- 
tis to the valvular lesion and its recurrence in cases in which .sucli 
lesions have once developed. 

During the period 1920-1933 100 cases of advanced mitval stenosis 
came to autopsy at the Cleveland City Hospital, the majority of which 
had been seen clinically by one of us. The cases of mitral stenosis 
in a total of six thousand autopsies were distributed evenly over these 
years. By advanced mitral stenosis we imply the typical fish-mouth 
or buttonhole deformity of the valve, and we have not included cases 
showing slight or early pathological evidence of mitral stenosis. These 
100 autopsied cases, 70 of which wei-e reviewed in 1931,'^ form the 
basis of this report. 

clinical features 

Rheumatic Fever . — Of the 90 eases in which a careful history could 
be obtained there Avas a liistoiy of multiple migratory arthritis in 
51 cases (56.6 per cent). Thirty-four patients (66.6 per cent) had 
but one attack; 13 patients (25.3 per cent) had rivo attacks; 3 patients 
(6 per cent) had three attacks; and 1 patient had four attacks. Seven 
patients (7.7 per cent) gave a histoiy of chorea. A history of scarlet 
fever Avas obtained in 3 cases ; frequent sore throats Avere recoi'ded in 
10 cases. 

*From the Medical Clinic of AA^’estern Reserve University -at City Ho.spital. 

Read before the American Heart Association, Milwaukee, AA^is., June 13 1933 
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Fever . — teinperature above 38° C. was recorded many times diir-. 
ing- tlie fatal illness of these patients, and an effort was made to cor- 
relate this clinical finding with active cardiac infection. Ao eoncln- 
sion eonld be drawn, as fever was frequently j)rese)it without, 
pathological evidence of active infection in the heart. 

Cercljral Accidevis occurred in 12 instances. In 2 of these patients 
subacute bacterial endoeai-ditis was pi*esentj in one patient there was, 
a Staplnjlococcus alhus septicemia and a frontal lobe abscess with acute 
vegetations on the mitral and aortic valves. In one patient (aged 
thirty-six years) there \vas a basilar hemorrhage without evidence of 
arteriosclerosis (or hj’pertension) or .s.yphilis. In 2 i)atients there was 
a history of hemiplegia four years and eight years, respectively, prior 
to admission to the hospital. Li one patient there was a history of 
hemiplegia on three occasions prior to the last admission (with re- 
sidual left sided paresis). One patient gave a history of facial jraraly- 
sis, buf the brain was not examined post mortem and the nature of the 
lesion could not be determined. 

Sex and. A{]C . — There were 53 males and 47 females, although the 
ratio of male to female patients on the medical service was as 3 :2, 
substantiating previous repoi'ts concerning the higher percentage of 
mitral stenosis in females. The sex and age distributions are illus- 
trated in Fig. ]-A and B, in which all of the cases are tabulated. In 
Fig. 1-A are tabulated the male cases while in Fig. 1-B are tabulated 
the female eases. The age distribution is much the same in the two 
graphs, although the male patients past fifty years of age outnumbered 
the female patients (i\I 1(5, F 7). The average age of death of all of 
the patients was forty and six-tenths year.s; the average age of the 
males was forty-two and seven-tenths year’s, and the average age of 
the females was thirty-eight and six-tenths years. These figures agree 
with those reported by i)i-evious writers. 

Face . — There rvere 0 negro patients: 3 males aird 6 females. This 
total percentage of 9 per cent may be compared with the negro 
population of the medical service of City Hospital which is 20-30 per 
cent of the total. Davis and AYciss report 3.8 per cent negroes in 
their 474 idieurnatic heart deaths as compared to 8 per cent negroes 
of the total autopsy serie.s. Whether this apparent lower percentage 
of rheumatic henii disease in colored patients is due to migration (ns 
suggested by Davis and Weiss) or Avhethcr the incidence is actually 
lower cannot be determined definitely. 

In studying Fig". 1, 72 patients or 72 per cent died between the 
ages of twenty and tifty, the largest Jinmber dying' in the f(>nrth dec- 
ade (32 per cent). The se.xes shared nearly equally in the moiiniily 
between the ages of twenty atid fifty, l! is seen that in the majority 
of foir ca.ses death occurred f)»*fore the age of fifty. The 5 easc.H of 
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subacute bacterial endocarditis are seen in the diagram as solid black 
blocks and all occurred before the age of fifty years. The series of 
DaA’is and Weiss®’ comprising 474 antopsied cases of rheumatic heart 
disease showed that 164 cases (34.5 per cent) of the total group died 
directly as the result of rheumatic heart disease, whereas in our 
100 cases of mitral stenosis 81 or 81 per cent died directly as the result 
of rheumatic heart disease (lieart failure). If the case of acute and 
the 5 cases of subacute bacteilal endocarditis are included, this figure 
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FIG. 1 A 

rises to 87. When the noncardiac deaths are subtracted from the 
series (the lighter areas at the top of the columns of Fig 1, A and B), 
it is seen that the predominance of deaths up to the age of fifty is still 
present. 

Effect of Pregnancy on the Length of Life . — Recent clinical studies 
have lessened the fears of clinicians in dealing with pregnancy in 
mitral stenosis.^^’’ Our cases emphasize the small part preg- 
nancy plays in bringing on failure or as a. cause of deatli. In the 47 
female patients in tliis series there were 5 who were unmarried. 'In 
10 cases there were no children and in 7 cases our history was uncer- 
tain. The remaining women (25) bore children as seen in Table I. 
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The average age of these 25 women wlio bore cliiklren was thirty-nine 
and foiir-tentlis years. Tiie average age of the women wlio did not 
bear children was forty-one years (excluding from this figure two 
children aged thirteen years and fourteen years). Tlie average age 
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of all the females was thirty-eight and six-tenths years and the average 
age of all the males was forty-two and seven-tenths years. These fig- 
ures suggest tliat the life span is only .slightly reduced in women who 
bear children. A careful study of our cases reveals a number of in- 
stances in which there may have been some influence exerted by preg- 
nancy. 

Case 9. — One child (cesarean) two years before death ; died of bronclioiinemnonia. 

Case 21. — Died two weeks after delivery (failure). First pregnancy. 

Case 42. — Abortion at sixth month of pregnancy. 

Case 52. — Had failure after childbirth, fourteen months before death. Second 
child. 

Case 63. — Heart trouble at fourteen; six children and four miscarriages. Died 
at age of forty years of streptococcus septicemia following induced abortion. 

Case 95. — Died two weeks after birth of second child ; had failure all through 
pregnancy. 

The following case emphasizes the fact that multiple pregnancies 
may not apparentl 5 >- affect the life span of the patient. 

Case 13. — Had thirteen children, last one born, at age of forty-one; failure at 
forty-three, died at forty-eight. 

There appDears to be a definitely deleterious effect of pregnancy in 
women Avith mitral stenosis AAdien failure or marked reduction in exer- 
cise tolerance antedates pregnancy. That the great majority of rheu- 
matic hearts bear pregmaney aa^cII seems evident. This vicAv is shared 
by Daly,^“ Keid,^^ and Hamilton and Kellogg.^- 

Auricnlar Fibrillation . — In 94 cases the mechanism Avas accuratelj’", 
and in most instances electroeardiograiAliicallj^, studied. Auricular 
fibrillation AAms present in 50 cases or 53.1 per cent. Normal mecha- 
nism Avas present in 43 cases and heart-block in one case. In 52 eases 
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])nhnonav.v infarcts were foiuul post, iuort('ni of n-hieh 4(5 cases were 
caveiully studied as to inecdianisin. Thiriy of ilicse oi- (io per cent had 
auricular fibrillaliou. Intracardiac tiiroinhi were frerpienlly associ- 
ated with auricular lihrillation (22 out of tfT cases). Jn none ot. the 
5 cases of suhacuto haclerial endocarditis did auricular fibrillation 


occur. 


The rarity of auricular fibrillation iji subacute bacterial endocarditis 
has been noted by Levine and Fulton.” Ijikewise, llotbscbild, Sachs, 
and Libinan'’ observed that auricular fitirillation was unusual in sub- 
acute bacterial endocarditis, {indinjr Init one case in lUIl jiatienls in 
the active or bacterial phase of tiie <lisense. and in 2 ])ati('nls ainonfi; 
14 cases in the liacteria-free or healed sta^e. 'I'lie rarity of auricular 
fibrillation in subacute bacterial endocarditis'' may be explained in 
part by the rarity of subacute bacterial endocarditis in advanced 
mitral stenosis. Auricular fibrillation is definitely more common in 
mitral stenosis, especially in advanced cases. 


Blood Pressure . — Lojis and l^ineberjr"’ and Levine and Fulton'" 
have recently reemiibasized the relationsbi]i between mitral stenosis 
and hypertension. In 7 casi's hyiiertcnsion was observed, but in view 
of the late sfaiiC of many of our hospital admissions this tif.nn’c is 
doubtless too low to be compared with the clinical observations of the 
other invest iprators. 

Ineidcucc of Tuberculosis. — Fokitansky,''' in ISKi. wrote that lieart 
disease accompanied by chronic pa.ssive confrestion of the lungs ex- 
cluded pulmonary tuberculosis. Tileston."' in DOS. reviewed the con- 
flicting literature and reported a series of 12S autojisied cases of mitral 
stenosis which showed a much lower percentage of judmonary tubei*- 
culosis than the material from which they were drawn. The greater 
the stenosis the less Avas tlie incidence of tuberculosis and the patients 
with a high degree of stenosis Avere free from active tuberculosis. 
Tileston believed that pulmonary tuberculosis is less likely to occur 
in mitral stenosis, and if present runs a milder course and tends to 
heal. This he belicA’ed Avas due to the chronic pidmonary congestion. 
Three of our patients had chronic fibroid tuberculosis and one addi- 
tional patient had tuberculous me.scnteric lyinph nodes. 

Causes for Tlosinialhaiion and Duralion of Failure. — Eighty-one 
eases or 81 per cent Avere admitted to the hospital because of conges- 
tive failure of varying degree. The duration of the failure from the 
onset of .symptoms to death varied greatly and averaged tln-ee and a 
half years. 


Suhacuie Bacterial Endoeardiiis . — The importance of this super- 
imposed infection as a cause of death from heart disease may be 
judged from the figures of DaA’is and Weiss" Avho reported finding 
47 cases of subacute bacterial endocarditis in a total of 474 necropsies 
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of rheumatic heart disease (9.9 per cent). In the 269 cases in which 
death was attributable to cardiac disease this number, 47, represents 
a pereentag-e of 17.4 per cent. Subacute bacterial endocarditis oc- 
curred in 5 cases of our series. In 88 cases of our series death could be 
direetlj^ attributable to heart disease either due to infection or to 
failure. In this group there Avere 5 eases of subacute bacterial endo- 
carditis (5.6 per cent). During the period covered by our studies 
there ivere 40 autopsied eases of subacute bacterial endocarditis, so 
the percentage of mitral stenosis in this small series was 12.5 per cent. 
These facts substantiate the findings of Fulton and Levine^’ and of 
Sprague.-'’ The latter author found mitral stenosis 5 times in a series 
of 20 cases of subacute bacterial endocarditis (25 per cent) Avhich 
Avere not autopsied. The calcified and comparatiAmlj’’ aAmseular scar 
may be responsible for this infrequency. The immobility of the mitral 
valve in advanced stenosis and the consequent absence of trauma to 
the A^alA’’e during systole has also been suggested as a cause of the 
infrequent association of these tAvo conditions. Of interest Avas the 
finding of combined rheumatic Amlve lesions in all 5 of our subacute 
eases and in all but one the mitral valve Avas seriously involved Avith 
the superimposed infection. In this one case Avith slight rheumatic 
scarring of the aortic valve, the lesions Avere almost exclusively limited 
to this Amlve. 

Acute Bacterial Endocarditis likeAvise Avas uncommon and occurred 
in only tAvo instances. One patient had septicemia due to Staphylo- 
coccus albus and died of a cerebi*al hemorrhage (male, AAdiite, aged 
thirtjrthree years). Another jiatient had septicemia folloAAung an 
abortion. There Avei-e 13 cases of acute bacterial endocarditis autop- 
sied during the period covered by these observations, the majoritj’’ of 
AAdiich Avere due to pneumococcus endocarditis in pneumonia. 

Causes of Death. — Eighty-one patients or 81 per cent died directly 
as the result of cardiac disability attributable to the rheumatic heart 
disease. In addition, 5 or 5 per cent died of subacute bacterial endo- 
carditis. Besides congestive failure and acute and subacute bacterial 
endocarditis, there Avere indirect causes of death as the result of heart 
disease, the cases Avith embolism and Avith infarction AAdth vaiying de- 
grees of failure. 

Heard Weights. — ^Table III shoAvs the heart Aveights in summaiy. 
Examination of Table III reveals a great Amriation in the heaiT 
weights, although the average Aveight of the hearts AAdth combined 
lesions tends to be greater. The AAdde range of Aveights makes it difB- 
eult to draAA'^ any conclusions concerning the influence of the associated 
valve lesions. 
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Taiilb II 

Summary of PATHoi-ofiiCAT. Pindinos 


TUB PATIIOLOOICAU FINDIKGS IN TUB CARIMAC PKATIIS 


Pailiirc nlonc *’^'7'’ 

Failure associated Avith: !•' 

Coroiiarj’ sclerosis and occlusion 1% 

Bronchopneumonia 

Pulmonary embolism 1% 

Largo pulmonary infarct 1% 

Ccre1)ral hemorrhage 1 

Erysipelas ^ % 

Acute salpingitis 

Uremia and hydrone])hrosis due to eareinoma 

of cervix 1% 

Enccphalonialacia 


PATIENTS dying OP PRIMARY CAUSES OTHER THAN (’ARDIAC FA1I<URE, 


Subacute bacterial endocarditis — with no failure <‘1 

with slight failure 2 

Enceiihalomalacia and bronchopneumonia 2 

Acute bacterial endocarditis and cerebral hmnorrhage 

(Sioplnilococcnit aJhv.f) 1 

Arteriolar disease with hyitcrtcnslon with bronchoi>ncumoni:i and 

heart-block 1 

Carcinoma licad of jiiiiicreas and cneephalomalacia 1 

Erysipelas ivith septicemia (Strcptococcmt hcmolpticux) 1 

Bronchopenumonia and pyonephrosis 1 

Bronchopneumonia 2 

Lobar pneumonia 1 

Carcinoma of stomach 1 

Pernicious anemia with bronchopneumonia 1 

Septicemia following abortion 1 

Purpura hemorrhagica ] 


Tricusjyid Valvnliiis (vai\vin<r clegi'ces of stenosis). — Wlien luilpal 
stenosis Avas associated Avith aortic stenosis, tlie tricnsiiid A’alve Avas 
inA’^oh'ed in 12 per cent of the cases, AA'liilc mitral stenosis Avas associ- 
ated Avith tricuspid stenosis alone in only 5 per cent of our series. This 
is in agreement AAdth the published series of Dressier and Fischer-' 
AAdio found mitral, aortic, and tricuspid stenosis present in 11 instances 
in a series of 120 cases of vahudar heart disease (9.1 per cent). 

Associated Valve Lesions (Avithout stenosis). — The aortic vah-e aauis 


scarred in 20 per cent; the tricuspid A'ah’ 
pulmonic A'ah^e in 2 per cent. 

c in 

15 per cent. 

, and the 

Table III 





% 

AVF.UAQE 

AVT. IN 

GM. 

RANGE OF 
AA’T. IN 

GM. 

Mitral stenosis alone 

Mitral stenosis with aortic stenosis 

Mitral stenosis Avitli aortic and tricuspid stenosis 
Mitral stenosis Avith tricuspid stenosis 

54 

2.9 

12 

5 

4G2.7 

5.30.0 

545.8 

470.0 

250-700 

250-.925 

300-750 

425-525 
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Pericarditis . — Chronic adhesive pericarditis was found in 10 per 
cent of the cases and acute pericai'ditis in 1 per cent. 

Acute Verrucose Endocarditis . — In suhstantiatiug the original find- 
ings of Bouilland, we observed acute A’^errncose endocarditis in 48 per 
cent of our cases. This agrees with the clinical observations of Cutler, 
Levine and Beck.-- Acute vegetations wex’e found on the mitral valve 
in 42 per cent; on the aortic in 29 per cent; on the tricuspid in 9 per 
cent ; and on the pulmonic valve in 2 per cent. 

Intracardiac Tliromhi were found in 37 cases as seen in Table lAL 
Thrombi and infarction were more common in the presence of acute 
verrucose endocarditis. 


Table IV 


Eight ventricle 

4 

10.8% of 37 cases 

Left ventricle 

2 

5.4% of 37 eases 

Eight auricle 

16 

43.2% of 37 cases 

Left auricle 

19 

51.3% of 37 cases 


The cardiac mechanism Avas .studied in these 37 cases, in 34 of which 
the data Avere reliable. Table Y is a tabulation of the findings. 


Table V 


Auricular fibrillation 

22 

64.7% 

Normal sinus rhythm 

12 

35.3% 

No record 

3 

8.1% 


Infarction of Amrious viscei’a Avas present in 52 cases and the dis- 
tribution is seen in Table A^, together Avith cardiac mechanism. 


Table VI 




mechanism 


PER CENT 

Pulmonary 

33 

Auricular fibrillation 

30 

65.2 

Eenal 

21 

Normal sinus rhythm 

16 

34.9 

Splenic 

13 

Not recorded 

6 

11.5 

Hepatic 

1 





No definite relationship could be established betAA'eeu the presence of 
intracardiac thrombi and visceral infarction. 

The incidence of auricular fibrillation in the entire series AAms 
53.1 per cent, in the cases liaA’ing intraeardiac thrombi 64.7 per cent, 
and in 65.2 per cent of the cases shoAA’ing infarction of Amrious organs. 
A definite relationship can be made out betAveen the occurrence of 
auricular fibrillation and the finding of intracardiac thrombi and of 
infarction. 

Puhnonarij EmhoUsm AA’as prc.sent in 7 cases. Thrombi AA’ere found 
in various other A’cssels: 
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Coronary arteries 
Subclavian arteries 
Optic artery 
Common iliac artery 
Abdominal aorta 
Kcnal artery 
Portal vein 


Cholelithiasis. — Broclcbaiik"^ fotiiul cliolclilliiasis in 2L8 pen’ i:oni of 
87 cases of mitral stenosis, ^Yhilo in ]')ost movlems [gallstones A\eiG 

present in 7.4 per cent. Gallstones were present in 8 per cent of our 
cases. There appears to he no relationshi]> between chronic cardiac 
failure as caused hy mitral stenosis and the formation of nallstones. 


SUM A! ARY 

In a clinical patholojrical review of TOO anto))sied cases of advanced 
mitral stenosis the rindin<rs of previous invest i<rators have largely been 
substantiated. 

1. A rheumatic history was obtained in 5(5. 6 ])er cent, and 66.6 per 
cent of these cases had but one attach. 

2. Cerebral accidents occurred in 12 instances. 

3. Females and the white race predominated. The average age of 
death of the males was forty-two and seven-tenths years; of the fe- 
males thirty-eight and six-tenths years. Pregnancy did not appear to 
influence greatly the onset of failure, nor did it directl.v cause death. 

4. Auricular fibrillation was present in 53 per cent ; intracardiac 
thrombi and pulmonary infarction Avere in the ma.iority of the cases 
associated with auricular flbrillation. In none of the 5 cases of sub- 
acute bacterial endocarditis was fibrillation present. 

5. Chronic fibroid tuberculosis was found in 3 cases. 

6. Eighty-seven patients died as the result of cardiac disability. 
Eighty-one per cent of the patients died of circulatory failure, and 
•subacute bacterial endocarditis was an uncommon cause of death (5 
per cent). Acute bacterial endocarditis occurred once. Acute verru- 
eose endocarditis Avas present in 48 per cent of the cases. 

7. Mitral stenosis Avas the sole le.sion in 54 ])er cent of the cases. 
Tricuspid stenosis Avas more frequently associated in the patients hav- 
ing aortic stenosis. 

8. The heart Aveight tends to increase Avith multiple A'alA'e lesions. 

6. Ainicular fibi'illation Avas more frequent in tlie case.s AA'^ith intra- 

eardiac thrombi and Avith infarction of various origins than in the en- 
tire series. 

10. Cholelithiasis Avas present in only 3 per cent of the series. 

(For di.<tcuiiition see p. 113 .) 
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KHEUMATIC HEART DISEASE IN SOUTHERN El.ORlDA'- 
IxcinKN’CK AKi) CuKicAri Notes 


E. Stkuuko Nicnoii, i\r.D. 

]\riAMi, Feouida 

T his paper rcprosenis an atlcmpi 1o present a iiicliire of rheuinatie 
lieait disease as it ocenrs in Soul hern Florida (Jliaini). logelhcr 
with a review of tlic literature beariu" on the geographical distribution 
of rhcnmatic heart disease. The incidence of the disease has been de- 
tennined by examination of hospital record.s, ])rivate case records, and 
through a survey of school children. Although the. groups arc relatively 
small, it is hoped that the value, of the data is enhanced by the strictly 
personal nature of the inquiry. 

IN'CIOKNCK OK UTIKLOJATIC KEVICR 

A previous survey’ of patients admitted to Jackson lllcmorial Hos- 
pital, I\Iiami, during the yeai-s 1925 to 1930 revealed only 4 cases of 
rheumatic fever and 6 cases of chorea among 31,153 admissions. From 
1930 to 1933 there have been only 4 additional ea.ses of rheumatic fever 
and none of chorea among 16,286 admissions, making a total of 14 cases 
of rheumatic fever or chorea among 47,439 total admissions. Approxi- 
mately 13,000 were medical cases, giving an incidence of practically 1 
case of rheumatic fever or chorea per thousand medical cases. The 
ho.spital admits patients from all walks of life with a inimber of chil- 
dren included. About onc-fifth of the medical admissions were colored 
patients, but only one instance of rheumatic fever occurred in this race. 
The ages of the 4 cases since the previous report ranged from eleven to 
twenty-four years. The cases were mild, monocyclic in type, wdth 
carditis apparent in one only, a woman twenty-four years of age who 
is the only adult Miamian I have ever known to develop an initial at- 
tack of rheumatic fcvei’. 

Among approximately 4,200 private patients seen in the office and 
home by the author during the same eight-year period (1925 to 1933) 
there have been only 3 eases of rheumatic fever or chorea originating in 
Miami, and one of these is included in the foregoijig ho.spital group. By 
combining the two giuups a total of 16 cases of rheumatic fever or chorea 
were encountered among 36,200 medical eases. 

Because of some supposed relationship between scarlet fever and 
rheumatic fever, it should be noted that, scarlet fever occurred four 
times more frequently than rheumatic fever, there being a. total of 65 
cases d uring the eight-year period, in the combined series. On the other 

American Heart A.o.wciation, Milwaukee, WiscouPln, .Tunc 13. 
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hand, acute nephritis is just as rare in tliis area as is riieumatie fever, 
there being 15 eases in the hospital series and none seen in private work. 

RHEUIiIATIC HEART DISEASE 

During the years 1931 and 1932 there were 224 patients with heart 
disease admitted to the wards of Jackson IMemorial Hospital under my 
sufiei’vision. Bheumatie heart disease was the etiological diagnosis in 
57 cases, or 25.9 per cent. It might seem that since this figure is not 
much smaller than that of similar morbidity statistics from northern 
hospitals that hliami clinicians must be overlooking the rheumatic type 
of heart disease in its inception, if tlic incidence of clinical rheumatic 
fever is so Ioav. But further analysis sIioavs tliat in the rheumatic group 
of 57 patients only 2 or 3.3 per cent were natives of southern Florida 
Avhile 22 or 10 per cent of the entire group claimed the ]\Iiami area as 
their birthplace. In the rheumatic group there were 9 negroes (14 per 
cent), but there AA^ere 64 or 28.5 2 Der cent in tlie entire group. Tlie ratio 
of rheumatic heart disease among the 160 Aidiite patients Avas more than 
double that in the colored, being 30 per cent or 48 eases. 

During the same period in a small cardiac clinic conducted by the 
author, 47 patients Avith organic heart disease Avere eared for, and of 
these 14 or 29.9 per cent had rheumatic lieart disease, but only 3 of the 
rheumatic patients AA’^ere bom in the Miami area. 

Among 142 patients AAdth organic heart disease under observation in 
private AAurk during the past tAvo years, there Avere 32 or 22.5 per cent 
AAdth rheumatic heart disease. Only one of this type Avas a native of 
southern Florida hoAvever, AAliile 10 per cent of the entire group Avere 
boiTi in this ai’ea. 

Combining the three groups of hosiiital, clinic, and piuvate cases, gives 
a total of 413 patients Avith organic heart disease studied during the tAVO- 
year period, Avith rheumatism the etiological factor in 103 or 24.9 per 
cent. Only 6 patients AAdth rheumatic heart disease Avere natives of 
southern Florida. 

During the same period 42 instances of heart disease Avere found at 
autopsy, AAdth 7 hearts shoAAdng moi’iihological evidence of rheumatic 
etiologj'', giving an incidence of 21.4 per cent. None of the 7 patients 
had been natives of southern Florida. 

School Survey . — Because of the likelihood of mild attacks of rheu- 
matic fever in children being oveidooked, thus making the disease ap- 
pear rarer than it actually is, an examination of elementaiy school chil- 
dren (Grades I to VI) in the Miami area Avas made. Fifteen hundred 
children bom in Mami (including children coming to Miami during the 
first year of life in some cases) and a similar group of children bom in 
northern states Avere examined by the author in the past year.* (For 

*The following- physicians kindly cooperated in the examination of some of the 
.scliool children : Dr. AAOn. McKibhen, Dr. Donald Gowe, Dr. Dan Hardie, and 
Dr. Roth-well Lefholz. 
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practical purposes any child born north of Florida, was included in the 
northern group, hut the majority of these cliildrcn liad moved to Jliami 
from above the IMason and Dixon line.) A record was made of all 
cases of heart disease found during the examinations. In a few instances 
x-ray and electrocardiographic examinations were used as an aid in 
establishing the diagnosis in questionable cases, but for the most part 
reliance was placed on the accepted ])hysical .signs of licnrt disca.se in 
children. Undoubtedly some mistakes were made, but since all ques- 
tionable cases wore seen by the same examiner (the author), it is likely 
that the rate of incidence in the two groups is fairly iiccurato. 

Among the children born in the itliami area there were 7 cases of rheu- 
matic heart disease, only one of which showed marked signs of mitral 
stenosis. A history of rheumatic fever was obtained in 2 cases only. In 
the northern group 24 children .showed signs of rlicumatic heart disease, 
but 2 of these gave a history of having tlieir first attack of rheumatic 
fever after moving to Florida. Even making allowance for such an event 
in other cases, this survey indicates that rheumatic heart disease is foiTud 
in children hom in the j\riami area about one-third as freciuently as in 
children who liavc moved to .southern Florida from the North. But in 


view of the extremely low incidence of clinical rheumatic fever in the 
]\Iiami area, it is surj)rising to find even 7 cases (an incidence of 0.46 
per cent) of rheumatic heart, disease among idiami born children. Very 
likely the insidious invasion of the heart, is undetected in its active state 
by parents and ])hysicians alike. 

In pa.ssing it should be noted that among the 3,000 children there 
were 84 instances of systolic mTirmur ela.ssified as functional, about 
equally divided between the two groups. Of course some of these mur- 
murs, notably the apical systolic murmurs, may eventually prove to be 
due to rheumatic heart disease. There were 4 cases diagnosed as con- 
genital heail; di.sea.se. Further analy.sis of the findings in the.se children 
would have no beailng on the present theme. 


CLINICAL observations 

Two transportation experiments 11401 patients with rheumatic fever 
have been carried out since 1929. The first, by Coburn,^'' is described in 
detail in his monograph, and consisted of sending a group of 10 children 
with rheumatic heart disease, characterized by tenacious activity, from 
New 5: oi'k to Puerto Pico, to observe the benefits t,o be obtained b,y a 
change of cKmate. The results were, to quote Cobuni briefly, that “Vhe 
rheumatic process sub.sided during three montfis in the Tropics, disap- 
peared clinically during six months in the Ti’opics, and evidenced itself 
with sudden leappearanee of symptoms in some instances shortly after 
the return of the patients to New York. ’ ’ 

A similar transportation experiment has been in process in the ])ast 
three ivinters at Miami Beach under the auspices of T. D. Jones,"' of 
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Boston, and C. F. Eoche, of Jliami Beach. These workers recently re- 
lated their results, confirming Coburn’s good report. Fourteen children 
with active rheumatic heart disease were sent dovm from Boston for 
observation under hospital-solarium management. Two children even- 
tually succumbed, but the others made marked improvement, with gain 
in weight and loss of clinical sj'^mptoms at a rapid pace as the striking 
features of the experiment. Most of these i^atients retained their im- 
proved state after their return to Boston. 

During the past five winter seasons in Miami I have had the oppor- 
tunity to watch the clinical course of 14 children or young adults Avith 
rheumatic heart disease sent doA\m from the North by their physicians. 
Though a fcAv patients Avere fairl5'' sick on their arrival, the majority had 
only slight daily fever oi' Avere free of fever before leaving the North, 
rheumatic aetivit3^ being indicated onlj^ bj'’ mild joint s3anptoms, residual 
tachycardia, or laboratoiy findings. Taa'o of this group died, one being 
a girl of eighteen Avho suffered attacks of pulmonaiy edema after coming 
to Miami and died in a similar attack shortl}’- after returning to Noav 
York in the late spring. The other death occurred in a 3mung Avoman, 
tAA'^enty-one 3’’ears of age, avIio remained in Miami tAvo 3'’ears and had im- 
proved enough to undertake light clerical Avork for nearl3’- a year, onl3’’ 
to have a recrudescence of her rheumatic carditis folloAAing a “cold,” 
terminating in congestive heart failure and death. Morphological exam- 
ination of the heart revealed a rheumatic endocarditis involving the 
mitral and aortic valves, and rheumatic lesions in the myocardium. 

A third patient, a Greek girl of seventeen 3mars, apparentl3’' developed 
subacute bacterial endocarditis. She returned North recentB'^, against 
adAUce, having stayed in kliaini about three months, AAdth some clinical 
improvement evident the first feAv Ai'eeks. 

All of the other patients improved decidedl3’' AA'hile in Miami, losing 
in a few Aveeks’ time, with two exceptions, clinical eAudence of an active 
rheumatic lesion. Gain in Aveight Avas pronounced in all but 2 children 
Avho failed to eat property, but CAmn these 2 patients made good progress 
otherwise. In each instance unless definite fever existed, daity sun baths 
Avere instituted routinety. Improvement first shoAved up by the changed 
spirit and appearance of the patients. Having had the opportunity of 
seeing similar cases retain their activity and ill-health over long periods 
of time Avhen residing in the North, I have been greatly impressed Avith 
the giant strides toward normal health taken b3^ the patients in this 
little group. 

One particular patient Avarrants further comment, oAving to the 
severit5^ of his initial infection. He Avas the ten-3mar-old son of a ph3’'si- 
cian in Tennessee. In July of last 3'-ear he Avas seized Avith seAmre, one 
might say fulminating, rheumatic fever, Avith all the classical signs in- 
cluding many rheumatic nodules. A blood culture 3delded a groAvth of 
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Sircpioeoccm virklans. AOcr three months his symiitoms haO snl)siae(l 
enough to permit liis traveling to [Miami. On arrival, a low grade 
fever and mild joint symptoms persisted, and examination revealed 
mitral stenosis, cardiac enlargement, anemia, a ])Oor nutrition state, a 


rapid pulse, and a pal])able spleen. There ^Yere no residual nodes, no 
peteehiae, no splintering of the nails, no red blood cells in the urine. 
The question naturally arose as to Avhether his infection Avas of subacute 
bacterial type, but the history of rheumatic nodules seemed to rule out 
this possibility. (After the first Iayo blood cultures, subsequent cultures 
Avere negative.) Although during the first Aveeks of his stay in iMiiimi 
the progress of this -(nitient Avas sIoav, as soon as it became possible to 
put him in the sunshine daily ho began to pick up in appetite and spirits, 
lost his joint symptoms and gained 40 pounds in Avcight. In fact, the 
Aveight gain Avas so ra])id that it became neccssai-y to instj-iet Ids diet 
eventually. In spite of the fact that this patieid still shows occasional 
.slight elevation of tcm])erature, Avith a ]mlse ranging from 84 to 96, I 
believe his ultimate recovery is certain, ]n-ovidcd he e.scapcs reinfection. 
It is unlikely, in vioAV of the se\-erity of his infection, that he Avould 
have made such fine progress had lie rmnained through the Avinter and 
spring in the latitude of Tennessee. 


In evaluating the etrcct of the climatic J’aetoi* on the course of the 
disease, it should be borne in mind as recently emphasized by GraeP 
and others, that most, cases of rheumatic fever tend to subside spon- 
taneously Avithout benefit of specific thcraiiy. IIoAvever, tbc rapidiii/ 
Avith Avhich clinical evidence of rheumatic activity in these jiatients dis- 
appears after arriA'ing in southern Florida is convincing evidence that 
the removal of such patients to a subtropical climate amounts to “specific 
therapy. ' ’ 


IIEAUHAV 01' Ll'J’EUATUK!': 


The loAv incidence of rheumatic fever in trojiieal countries has been 
commented upon by many physicians during the past fifty years. Prob- 
ably the first to emphasize this point Avas ITirsch,''’ Avho shoAved that 
it Avas practically absent from tropical countries, except Avhcrc high 
plateaus existed. Other early contributions came from NcAv.sholme" and 
Buchanan,® the latter shoAving its rarity in Southern India. During the 
last ten years rencAved interest has dcAmlopcd in the effect of geographical 
location and climate on the occurrence of rheumatic fcA'or and rheu- 
matic heart disease, and some of tbe publi.shcd data Avill be briefly sum- 
marized as folloAA'S: 

Faullaier and White® found by examination of ho.spital statistics that 
the incidence of rheumatic fever Amricd in different localities from 0.2 
per cent to 5.8 per cent, AA'ith cold, Ai^et climates predisposing to tlic 
higher rates. Harrison and Levine^® concluded from a study of hospital 
incidence rates that both rheumatic fcAmr and rheumatic heart disease 
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are more prevalent in nortliem than in southern cities in the United 
States. The Seegals^^ showed from hospital statistics that even over a 
period of years the admission rate of rheumatic fever is greater in the 
northeni than in the southern region of this continent, Davis and 
Weiss^^ studied a large series of autopsj’- records in Boston, and after 
correlating the morphological and clinical data, reported an incidence 
of rheumatic heart disease of 9.1 per cent. 

The incidence of rheumatic heart disease among school childi'en has 
been commonly stated to be approximately 2 per cent in the United 
States and England. A recent report from England by hlcSweeney^^ 
places the incidence at 1.5 per cent, while surveys of the childi’en in 
Boston,^'* New York,^® and Philadelijhia^^ showed rates of only 0.66 
per cent, 0.89 per cent, and 0.8 i)er cent, respectively. Naturally the 
figures vary with the carefulness of the examinations and the inclusive- 
ness of the diagnosis ‘ ' rheiunatic heart disease. ’ ’ 

Longeope^^ found the admission rate for rheumatic fever in Johns Hop- 
kins Hospital, Baltimore, was 1.3 per cent, and in commenting on the 
milder sj^mptoms of the disease in that city as compared to New York, 
he emphasized the ease of overlooking rheumatic fever in semitropical 
localities. In several southern states recent surveys have shown a low 
incidence of rheumatic disease. Stone and VanzanU® found a rate of 
7.3 per cent among hospitalized patients 'svith heart disease in Galveston, 
while Schwab and Sculze^® found a rate of 3.4 per cent among dispensary 
cardiac patients in the same city. Houston®® found the incidence of 
rheumatic fever among hospital admissions in New Orleans to be 0.07 
per cent. On the other hand, McLean®^ rei)orted an incidence of I’heu- 
matic fever in the Children’s Hospital, Birmingham, of 1.8 jDer cent, 
with cai’ditis in the majority. He feels that rheumatic heart disease 
is more common in the South than is generally recognized. 

A marked disparity in the incidence of rheumatic fever (including 
chronic valvular disease and chorea) in different sections of Virginia has 
quite recently been shown by Wood and Hart.®® These authors found 
the incidence among total hospital admissions in Piedmont (central Vir- 
ginia) more than three times that in Tidewater (eastern Virginia), 
being 0.48 per cent and 0.15 per cent, respectively. 

Coffen®® repoided the incidence of rheumatic fever in the Pacific 
Northwest as 0.1 per cent, although 5 per cent of hospital admissions 
showed rheumatic heart disease. He believes the diserepancj" is ex- 
plained by the migration of persons with previously damaged hearts in- 
to that vicinity. In the Koclij' Mountain region, 44 per cent of heart 
disease is of the I’heumatic type, accoi’ding to Viko.®' 

The figures from China have not been very enlightening. Melene}^ 
and Kellers®® found in Northern China frequent instances of mitral 
stenosis at autopsy, although rheumatic fever was seldom seen. Ander- 
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son,-*' in Hongkong, found only 5 eases of rheiunatic fever or chorea 
among 3,000 medical admissions to hospitals, yet staled that endocarditis 
oeeurred freciucntly. These discrepancies are probably due to lack of 
recognition of rheumatic fever iu its milder forms, it being rat her scantily 
clad •with clinical symptoms. iMorc recently IMaxwcll”' has stated that 
rheumatic fever is absent in tbe south of China, but more oftmi met, 
with in the northern parts. 

In 1930, Clark=® again proclaimed the rarity of rheumatic fever and 
rheumatic heart disease in the tropic.s, stating that during an experience 
of 33 years in the j\ralay States he never .saw a case of rheumatic fever 
or chorea, nor did he encounter among 150,000 hosjiital patients a single 
instance of mitral stenosis. In addition, he found at autoji.sy no hcai'ts 
bearing “the scarred valves of rheumatie di.sease. ■’ 

Coburn ’s^* monograph in 1931 added considerably to our knowledge of 
the geographical distribution of rheumatic heart, disease. He found 
Puerto Rico entirely free from clinical rheumatic fever, and is authority 
for the statement that no gross or micro.scojhc lesions of rheumatic dis- 
ease were found in nearly 500 autopsies performed by Jjambert and 
Pappenheimer in San Juan, although Ivoppish eneonntered 2 ea.ses in 
necropsy material. Getx, in Panama, is ([noted as rc]-)orting 5 cases of 
rhcimiatic fever in 11,000 hospital admissions yearly, and in addition, 
finds rare instances of rheumatic carditis at autoji.sy. By correspondence 
and direct investigation Cobuni gathered data fi’om other countries, 
showing that the disease is prevalent and severe between latitudes 50 
and 40 degrees North diminishing in warmer climates and almost un- 
known between the Tropics of Cancer and Capricorn, increasing again 
as cooler climates are reached until it becomes common again between 
30 and 40 degrees of latitude South. Thu.s, iu the Ea.stern Hemi.s]ihere 
it is present in South Africa and Australia, and especially ])revalcnt. 
in Northern Europe, but no tropical place was found in winch rheu- 
matic disease is common. 

In a. report of an investigation for the American Heart, Association, 
Pa,uP° has recently summed up the findings regarding the regional dis- 
tribution and climatic influence on rheumatic fever. “Is it possible,” 
he asks, “that in .spite of the conflicting data, rheumatie fever may exist 
insidiously without manifest .ioint symptoms to give away the diagnosis 
and that certain climates seiwc to accentuate tbe .ioint s.vmptoins and 
thus give a false idea of the prevalence of tbe disease?” 

COMMENT 

Tbe reason for tbe absence of rbeumatic fever in tbe tropics is not 
deal. Most authors believe tbat tbe low incidence of u])])or respiratory 
infections bears a close relationsbip to tbe absence of rbeumatic fever. 
Cobunri showed tbat epidemic upper respiratniy infections with Strepto- 
coccus Umolyticus, common in New Yorlv City, are rare in the tropical 
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environment of Puerto Kico, and tliat residents in Puerto Pico have an 
almost constant pharyngeal flora. He feels tliat the evidence indicates 
that this is the basic explanation for the rarity of rheumatic fever in 
Puerto Eico. 

Jones and Eoehe^ also feel that the absence of respiratoiy infections 
has a bearing on the improvement noted in their transportation experi- 
ment at Miami Beach, but are convinced that the absence of hemolytic 
streptococcus is not the essential explanation. 

In my opinion, one caiuiot claim an absence of respiratory infections 
in southern Florida. The common cold in this climate seems nearly as 
prevalent as elsewhere, though, on the whole, epidemics of colds and 
“influenza” in Miami seem mild as compared with those of colder 
climates. Some idea of the comparative incidence of lobar pneumonia 
and rheumatic fever was obtained by a previous survey^ which showed 
150 cases of lobar pneumonia in the group of 31,153 hospital admissions 
that contained only 10 eases of rheumatic fever. 

In any event, an inquiiy into the prevalence of hemolytic streptococcus 
in the flora of throats in Miami residents would be enlightening. 

It is possible that I’heumatie fever is absent in tropical climates be- 
cause of alterations in the physical chemistry of the human organism, 
due to the climatic factor, thus creating in the person living in the tropics 
a poor environment for the infective agent, whatever its identity. It is 
likely that the student of physical chemistry will eventually explain the 
impressive immunity against the agent of rheumatic fever with which 
the tropical resident is endowed. 

SUMMARY 

1. Only 16 cases of rheumatic fever or chorea occurred among 16,200 
medical cases in hliami during a period of eight years. 

2. Among 413 patients Avith organic heart disease seen by the author 
during the past two years in hospital, clinic, or private practice, 103, 
or practically 25 per cent Avere of rheumatic etiology. HoAvever, in only 
6 instances did the rheumatic disease originate in southern Florida. 

3. Eheumatic heart disease is found AAdth only one-third the fre- 
quency among elementary school children bom in Miami that it is found 
in children bom in the North Avho have taken up residence in Miami. 

4. There is cAddenee that patients Avith actiAm rheumatic heart disease 
improve at a more rapid rate if moved to southern Florida from northern 
climates during the cold months. 

{For discussio-n. see p. 117.) 
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THE INTERPRETATION OF LEAD INVERSION IN 
BUNDLE-BRANCH BLOCIO' 

A. D. Nichol, M.D. 

Cleveland, Ohio 

I N THE interpretation of electrocardiograms representative of bun- 
dle-branch block there is a unanimitj’" of opinion onlj’’ on the char- 
acteristic changes jiroduced Avithin the Amntricular complex, but the 
question as to the branch invoHed in clinical records is jmt a eontro- 
Ami'sial subject. ComprehensiAm rcAdcAA’-s of the jiroblem may be found 
in the publications of Leivis and Rothschild,^ LcAvis,- Pahr,^ Wilson 
and Herrmann,^ Barker,^ Wilson® and their collaborators, and Rotli- 
bei'ger.'^ In addition Katz and Ackerman have made the interesting 
observation that it is possible to transiiose the direction of the QRS 
Avave of induced extrasystoles and of experimental I’ight bimdle- 
bi’anch block by changing the iiosition of the dog’s heart.®’ ® Thus the 
problem has apparently become more complex. We believe these dif- 
ficulties have been augmented by the fundamental faet that it is very 
problematical Aidiether conditions existing in disease can be duplicated 
Avith sufficient accuracy to alloAv conclusions to be draAvn from the 
experimental animal. Obviouslj' it Avould be more satisfactory if the 
question could be settled on clinical patients Avithout disturbing their 
existing circulatoiy state. 

A method satisfying the above requirements is suggested by Wig- 
gers’ analysis of experimental exti-asystoles.^" In this study it has 
been shoAvn: (1) that in asychronous excitation of the mammalian Amn- 
tricle systole of the A^entricle fir.st excited precedes systole of the op- 
posite Amntricle by a definite and measurable interval; (2) that the 
opposite ventricle shoAA^s a sloAver tension deAmlopment, i.e., a prolonga- 
tion of isometi'ic contraction; and (3) that ejection of the Amntricle 
first stimulated precedes ejection of the opposite A’-entricle. Thus the 
basis of the present inAmstigation is that, if the left branch of the 
bundle of His is interrupted, left Amntricular ejection Avill be retarded 
due to a delay in arriAml of the impulse and longer isometric contrac- 
tion phase and therefore the subclavian artei'ial pulse Avill begin to rise 
later in relation to A^entricular excitation than if the conduction mecha- 
nism Avere normal. A priori if the right branch only is inAmlved, left 
ventricular excitation and conti-action AAdll proceed in a normal man- 
ner, and ejection, as indicated by the subclaAian pulse, should main- 
tain its usual relation to the beginning of ventricular excitation, as 

•From the Medical Service of St. Luke’s Hospital. 
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iiidicatccl by the QKS of tbc elect roc!n’clio{>Tiuu. 1. hecefore .iccoicliii^ 
to the classical interpretation, tlic pulse Avavc ot a ease witli an npiigbi 
QKSi and down QRS. (Right BBB) should not be indncnced by the 
bundle-branch block per sc, but it' t.hc newer conception is correct 


(Lett BBB) there should be a definite delay l)e1,wecn the appearance 
ot the QRS in this typo of elect rocardiogra in, and the beginning of the 
rise of the arterial pulse wave. 


AIETHOD 

Tlic clcctroenrcliograni, llio subclavian pulse tracing from the left, supraclavicular 
fossa and the apical heart sounds wore registered simultancoush-. Pulse tracings 
have been recorded by a Prank seguiont capsule and sounds by tViggers’ nioditicatiou 
of Prank’s inethod.n The segment capsules were fixed approximately 02.5 cm. from 
the recording camera and arranged in such a manner that the middle of the reflect- 
ing mirrors, the lens of the ])rojec,ting microscope of the electrocardiogram and the 
lens of the camera were in the same horirontal plane. The source of light for the 
capsules was secured bj- using an arc equipjied with the double-slit mechanisj!! of 



Lead I. Lead III. 


1- — Case No. 2172. IjCad I: QKS Is 0.051) .sec. and QE is 0.12G .see. Load III: 
QRS i.s O.OfiS see. and QE is 0.112 .sec. Reproduction for cfCcet duo to parallax; 
S, sound wave: P, subclavian pulse tracine;; KKG, eIcctrocardioKram. 

Katz and Baker^s which supplies parallel beams. All records were checked for 
parallax by Garten’s method (Pig. 1). Ko corrections were made when the effect 
due to parallax was less than 0.004 sec. 

After suitable records were secured, lantern slides were made, projected on a 
screen with a magnification of 10-12X and the required intervals measured on the 
image with a good celluloid ruler Avhich was graduated in lialf millimeters. 35o- 
tenninations were made on tlirec cycles in both Leads I and III. All moasnroments 
were carried out by one observer. The following intervals were determined: (a) 
the duration of the main ventricular complex of the electrocardiogram, (b) QE or 
the interval between the beginning of the QKS and the onset of the cardiac ejection 
phase as evidenced by tbc rise of the subclavian pulse tracing, and (c) the isometric 
contraction phase by AViggers’ method (AViggers and Cloughis and Katz and PciU-*). 
Occasionally it was impossible to measure the isometric period due to imperfect heart 
sound records or the presence of a doubled second sound. In five of the cases of 
bundle-branch block the first sound was definitely “reduplicated” or “split,” but 
as Lewis has previously reported, in tlie first component of the “reduplicated” sound 
preceded the onset of ventricular excitation and could therefore hardly be attributed 
to asynchronous systole of the ventricles. In such cases wo have arbitrarily taken 
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the beginning of the second component as indicating the onset of ventricular con- 
traction. We believe the error of a single measurement is perhaps not considerably 
over 0.004 sec. 

The most pronounced doubling of the first sound occurred in a ease with a P-E 
interval of slightlj' more than 0.20 sec. In Case 2206 (Ihg. 3) which showed a 
complete A-V block and ventricular eomiilexes typical of the usual tj’pe of bundle- 
branch block, the first sound varied in iiitensit 3 ’' with the P-QES relations and, in 
addition, there appeared to be a critical As-Vs interval at Avhich doubling of the 
first sound appeared. These observations would lend no support to a theory that 
the first component of the doubled sound is caused by ventricular contraction. It 
probablj' occurs frequently in bundle-branch block because of the relations of atrial 



Lead I. Lead III. 

Fig. 2. — Case No. 2276. Lead I: QRS is 0.160 sec. and QE is 0.176 sec. Lead III: 
QRS is 0.163 sec. and QE is 0.181 sec. Double first sound, S* and S.’> ® 



Lead I. Lead III. 

Fig. 3. — Case No. 2206. L«ad I: QRS is 0.127 sec. and QE is 0.175 sec. Lead HI: 
QRS is 0.131 sec. and QB Is 0.172 sec. The QRS in Lead II is distinctly notched 


and ventricular sj'stole, the mechanism being similar to that present in complete 
A-V block in which atrial sounds are heard. 

No attempt was made to determine the speed of the pulse wave, and in the absence 
of any gradient for velocity and the impossibility of obtaining the distance of the 
arterial sj-stem involved, we know of no waj' by which this could be evaluated. It 
seems probable, however, that anj’ modifjdng influence from this source would tend 
to shorten the QB, as our patients until bundle-branch block were over fifty years 
of age, all but one had an arterial hj’pcrtension, and there were definite, though 
moderate, sclerotic changes in the palpable arteries in all. Some of the pathological 
controls were in a circulatory state similar to that in the cases of bundle-branch 
block, j’et the QE in the former cases were not significantly different from the 
average found in their own group. Also if the accepted standards for pulse wave 
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velocityi”* arc taken as indicating the velocity o£ the pnise ^vave in the 
aorta, it would be necessary to show a tremendous decrease in these figures in order 
to secure a. time interval sufficient, to explain the increased Ql'l found in our cases 
of bundle-branch block. 


ItKSUl/J’.S 

The intervals jtreviously described, QUS, QJ5 tiiid the isometric period 
were measnred in (a) eighteen normal individuals, (b) seven cases ol 
bundle-branch block in which the QK8 was upright in Lead 1 and 
downward in Lead JIJ, (c) twenly-two cases with various types of 
heart disease but with a normal duration ol' ventricular excitation, and 
(d) nine cases oi' heart disease with a prolonged period ol; ventricular 
excitation but in which the clcetroeardiogi'am was not. typical of. 
bundle-brancli block. 


TAin.f. I 


Normal Controls 


number 

0 

LEAD I 

iK 

LEAD III 

ISOMETRIC 

VERIOD 

VENTRICULAR 

RATE 

1957 

0.132 see. 

0.114 sec. 

0.009 sec. i 

70 

1994 

0.142 

0.151 i 

0.005 ! 

94 

2017 

0.119 

0.137 ! 

0.040 

7i5 

2021 

0.127 

0.127 

0.004 1 

72 

2026 

0.149 

0,138 

0.070 

70 

2000 

0.119 

0.129 

0.058 

72 

2004 

0.145 

0,134 

0.040 

52 

2005 

0.129 

0.113 

0.005 

75 

2077 

0.151 

0.124 

0,045 

00 

2078 

0.100 

0.103 

0.082 i 

75 

20S0 

0.147 

0.141 

0.071 

7.5 

2081 

0.134 

0.148 

0.040 

08 

2091 

0.1.37 

0.1.53 

0.063 

00 

2172 

0.120 

0.142 

0.050 

75 

2188 

0.134 

0.134 

0.077 

75 

2183 

0.129 

0.114 

0.027 

00 

2184 

0.119 

0.119 

0.030 

! 7''' 

2028 

0.120 

0.118 

0.048 

1 94 


The QE values for the eigliteen normal individuals of Group A arc 
given in Table 1. Pig, 1 is the record from one sueli case. These indi- 
viduals were young males betAveen the ages of tAventy and thirty years 
who were leading vigorous lives and Avho .shoAved no evidence of car- 


Table II 

Bundle-Branch Block 


NUJIBER 

QE 

ISOMETRIC 

PERIOD 

VEN- 

TRICULAR 

RATE 

ARTERIAL 

PRESSURE 

AGE 

LEAD I 

LEAD III 

1954 

2020 

2069 

2155 

2229 

2206 

2294 

0.163 sec. 
0.195 

0.182 

0.152 

0.173 

0.175 

0.193 

0.105 sec. 
0.169 
0.173 
0.162 
0.108 
0.172 
0.170 

0.048 sec. 

. 0.097 

0.042 

0.080 

0.0.90 

72 

70 

100 

94 

92 

05 

100 

180/112 

390/120 

170/100 

195/100 

144/90 

108/58 

112/80 

09 

02 

53 

57 

08 

53 

60 


















76 


THE AMERICAN HEART JOURNAL 


Table III 


PATHOLOGICAIi CONTROLS 


NUMBER 

QE 

ISOMETRIC 

ven- 

tricular 

arterial 

AGE 

CLINICAL 


LEAD I 

LEAD III 

PERIOD 

RATE 

PRESSURE 


DIAGNOSIS 

1996 

0.086 sec. 

0.098 sec. 

0.026 see. 

75 

110/70 

22 

Diplitheretie 
Myocarditis (?). 

2048 

0.101 

0.125 


90 

130/30 

48 

Aortic Insuf- 
ficiency (Luetic). 

2054 

0.105 

0.126 

0.039 

72 

138/90 

43 

Aortic Aneurysm 
(Luetic). 

1943 

0.135 

0.138 


78 

106/78 

13 

Elieumatie Heart 
Disease. Mitral 
Insufficiency. 

2032 

0.146 

0.147 

0.056 

80 

118/90 

34 

Aur. Fib. Rheu. H 
D. Adherent 
Pericardium (?). 

2094 

0.132 

0.145 

0.075 

88 

106/58 

15 

Rheumatic Heart 
Disease. Mitral 
Stenosis. 

2100 

0.148 

0.148 

0.048 

94 


23 

Rheumatic Heart 
Disease. Mitral 
Stenosis. 

2105 

0.112 

0.119 

0.005 

100 

110/54 

12 

Rheumatic Heart 
Disease. Mitral 
Stenosis. 

2154 

0.110 

0.115 

O.OoG 

100 


7 

Rheumatic Heart 
Disease. 

2052 

0.096 

0.084 

0.027 

124 


57 

Rheumatic Heart 
Disease. Aortic 
and Mitral 
Stenosis Insuf- 
ficiency. 

2217 

0.105 

0.116 


75 

100/70 

26 

Congenital Heart 
Disease. 

2114 

0.116 

0.118 

0.03G 

60 


9 

Congenital Heart 
Disease. 

2045 

0.129 

0.087 

0.027 

110 

132/86 

37 

Cardiac Neurosis 
(?)• 

2056 

O.OSS 

0.092 

0.03G 

140 

140/82 

14 

E.xophthalmic 

Goiter. 

2116 

0.1,39 

0.144 

0.053 

75 

128/82 

24 

Paroxj^smal 

Tachycardia. 

2171 

0.095 

0.097 

0.038 

94 

154/72 

52 

Thyrotoxicosis. 
Myocardial Dis- 
ease. 

2189 

2189 

0.099 

0.127 

0.103 

0.133 

0.031 

0.040 

116 

138 

152/60 

18 

Exophthalmic 

Goiter. 

Post-thyroidec- 

tomy. 

2050 

0.098 

0.115 

0.028 

96 

126/72 

52 

Arteriosclerotic 
Heart Disease. 

2057 

0.113 

0.123 

0.063 

100 

158/90 

55 

Arteriosclerotic 
Heart Disease. 

2075 

0.123 

0.142 

0.006 

60 

128/96 

39 

Arteriosclerotic 
Heart Disease. 

2185 

0.135 

0.141 

0.089 

68 

135/94 

23 

Hj-pertensive 

Heart Disease. 

2074 

0.116 

0.099 


34 

160/58 

68 

Arteriosclerotic 
Heart Disease. 
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cliac or vascular disease. The eleclroeardiofrrain in all cases was nor- 
mal and the QRS varied from 0.041) to O.ODO sec. The arithmetic mean 
for QE is 0.1347 sec. in Lead 1 and 0.1333 sec. in Lead 111. The corre- 
sponding standard deviations of tlic means arc 0.00 35(57 and 0.00348 sec. 


The findings in seven eases of hnndle-braneli block (Group B) ap- 
pear in Table II. Fig. 2 is the record of one of these. All the indh'id- 
nals in this group had arteriosclerotic heart disease, with varying de- 
grees of cardiac hypertrophy which was preponderantly of the left 
ventricular type. With one exception all these tracings Avoiild nn- 
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Fip. 4. — Case No. 2071. Lead I: QHS Is 0.0S7 .sec. and QM in O.llC .see. I^ead HI: 
QRS is 0.063 pec. and QE I.p 0.030 pee. 



I..ead I. j^e.ad III. 

Fig. 5.~Case No. 1332. I.K:ad I; QRS i.s 0.101 .«cc. and QE l.q O.OOS .pcc. Lead HI • 
QRS is O.ll l .eec, and QE i.«; 0.10.3 sec. 


questionably be labelled as bundle-branch block, i.e., a supraventricu- 
lar QRS more than 0.10 see. in duration, opposite in direction in Leads 
I and III, with a distinct notch in the main ventricular complex and 
with T-waves opposite in direction to the .QRS. Case 2206 (Pig. 3) 
piobably lepiesents a nodal rhythm but the QRS and T-waA^es are 
uniform and satisfy the remaining requirements for bundle-branch 
block. This case therefore has been included Avith the above group, 
representing the usual type (Right BBB, old terminology). The arith- 
metic mean for QE in the group is 0.1761 sec. in Lead I and 0.1693 see. 
in Lead III. The corresponding standard deviations for the means are 
0.0058 and 0.0018 sec. 
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The detenninations ou the group of controls with heart disease 
(Group C) are given in Table III. The duration of QES was less than 
0.10 see. in all leads. The analysis of the.se pathological cases would 
be of greater value if thej^ could be grouped according to age or type 
of heart disease. Unfortunately our clinical material was too .small for 
this purpose. Pig. 4 is a record illustrating the nonnal time relations 
of the subclavian pulse in a case with a marked left ventricular pre- 
ponderance and a 2 :1 A-V block. The arithmetic mean for QE in the 
group is 0.1154 sec. in Lead I and 0.1198 sec. in Lead III. The corre- 
sponding standard deviations for the means are 0.00383 and 0.00426 sec. 

No attempt was made to anal 3 ’'ze statistical!}’' the findings in the 
eases with a prolonged period of ventricular excitation (Group D). 
Some of these records were ver.y suggestive of bundle-branch block but 
have not been included in that gi’oup because the QRS were not en- 
tirelj’- typical. Fig. 5 is of intere.st because of its relation to the un- 
usual type of bundle-branch block. T-waves are not present and the 
ventricular rate is 33, but the QES is definitelj’' notched, widened and 
downward in Lead I and upright in Lead III. The ventricular excita- 
tion wave in this ease is therefore much the same as that present in 
the unusual tj^pe of bundle-branch block (Left BBB, old terminology) . 
The QE is 0.098 sec. in Lead I and 0.109 sec. in Lead III, and these 
values fall within the limits of Group C. 

DISCUSSION 

What effect has the abeiTant path of the excitation wave on the 
mechanics of ventricular systole in clinical bundle-branch block? 
Wiggers in his study of artificiallj’’ induced extrasj^stoles concludes: 
“When a local artificial stimulus is applied to any portion of the ven- 
tricular surface, the imioulse spreads somewhat radially from the point 
of stimulation and induces a series of local fractionate contractions 
responsible for the initial slow rise of intraventricular pressure. This 
continues until the impulse has reached the His-Tawara sjLstem and 
has been conducted by that s^'^stem to the unexcited portions of the 
ventricle. Consequently, two different contraction processes almost 
imperceptiblj’' merge, viz., (a) a localized fractionate contraction occa- 
sioned by a relatively slow fiber-to-fiber excitation, and (b) a more gen- 
eralized contraction of the remaining ventricle excited via bundle 
branches in more rapid sequence. Inasmuch as the latter also starts in 
a fractionate manner isometric contraction and total systole are pro- 
longed.”^® It is probable that this same process is present in bundle- 
branch block due to the fiber-to-fiber conduction of the excitation wave 
before it reaches the distal portions of the bundle branch which is 
blocked. The statistical analj^sis of the isometric periods in the cases 
of bundle-branch block is not conclusive because of the small number, 
but it indicates that the mean of the isometric periods iii our cases 
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of bundle-branch block is not significantly difi'erent from Unit of the 
normal group. Thus alter the excitation "wave reaches the tciminal 
portions of the His-Tawara system, ventricular systole probably pro- 
gresses in a normal manner, and the delay in the incidence of the sub- 
clavian pulse is probalily due to the decreased s])eed and lengthened 
path oP the excitation ivavc as it is conducted through or around the 
interventricular septum. The analysis of our eases sliows that the 
beginning of the rise of the subclavian pulse occurred, on an average, 
definitely later in individuals with the usual type of bundle-branch 
block (Right BBR, old terminology) than in normal individuals or in 
patients with heart disease but with a normal duration of ventricular 
excitation. This result is statistically significant when tested by the 
method of Fisher.^” Also in one instance in which the QRS was 
widened, notched and downward in Lead I and upright, in Lead 111, 
the value for QE was within the limits of QE for the group with heart 
disease but with a normal duration of ventricular excitation. If the 
left ventricle in our eases of bundle-branch block was stimulated in a 
normal manner, then we are unable to explain the increase in the 
value of QE, which amounts to, in an average. 0.0414 sec. as compared 
to the normal, or 0.0G07 see. as compared to the pathological controls. 
But, if these eases represent a left bundle-branch block, the increased 
value for QE becomes readily explainable by the aberrant path of the 
excitation wave. We believe therefore that the left ventricle is acti- 
vated last in the usual type of bundle-branch block. This is in ac- 
cordance with the original idea of Fahr and the more recent conclusion 
of Wilson and Barker. 

CONCLUSIONS 


A new method of attacking the problem of bundle-bi*anch block has 
been described. 

In our cases of bundle-branch block with an upright QRS, and 
downward QR-S.^ the incidence of the subclavian pulse Avas definitely 
delayed. Therefore it seems most pi'obable that this type of electro- 
cardiogram represents a left rather than a right bundle-branch block. 

I wisli to o.xprcss my indebtedness to Dr. U. Dominguez for useful critieism .ind 
for the stutistical analysis of the data. Dr. Harold Foil lias given mo the oppor- 
tunity to study one of his cases and has olTercd numerous suggestions as to the 
technic employed. Dr. lari .T. Wiggers has kindly and critically reviewed the 
technic and the manuscript. 
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CO^^IPLETE HEART-BLOCK IN HYPEIITHYROIDTS^I FOLLOW- 
ING ACUTE INFECTIONS: A REPORT OF SIX CASES 
WITH NECROPSY FINDINGS IN ONE CASE"^ 


Austin C. Davis, jM.D., and llAiniY L. Smitu, ]\LI). 
Rochkstku, !Minn. 

T he high incidence of irregnlai* cardiac action is one of the striking 
features of hyperthyroidism. The arrhythmia consists mainly of 
auricular fibrillation, however, either paroxysmal or permanent, and 
to a less extent, of auricular flutter. These forms of arrhythmia de- 
pend on disturbance of auricular contractility. Defective auriculo- 
ventricular conductivity is much less frecpient, and complete auriculo- 
ventricular dissociation is uncommon. In a review of the literature on 
the etiology of heart-block and on arrhythmia occurring with hyper- 
thyroidism, we could find only four reports of complete heartHiloek as.so- 
ciated with hj^ierthyroidism. Hcrklcn,” in 1882, reported the case of a 
woman, aged twenty-seven >' 001 * 8 , who had had exophthalmic goiter 
for six years, and who had attacks of ventricular standstill of four or 
five seconds’ duration with convulsive seizures. These attacks had 
developed eight days following an acute cold, with sore throat. There 
also was fever which could not be explained by the physical findings. 
The seizures occurred repeatedly over a period of t wo days, and their 
cessation was associated witli recovery from the arrhythmia. In 1915 
de Vries Reilingh’* reported a case of Basedow’s disease with heart- 
block and Stokes-Adams syndrome, in which the cardiac action re- 
tui'ned to normal within ten days. Daiiieshek,' in 1924, in an analysis 
of the instances of arrhythmia reported in a series of 141 cases of 
hyperthyroidism, found electrocardiographic evidence of complete au- 
rieuloventriciilar dissociation in two cases; that of a woman, aged 
twenty-six years, and that of a man, aged twenty-nine years. 

Reports of less severe degrees of defect in conduction have been 
somewhat more numerous. Lewis,^® in 1913, referred to a patient with 
a history of repeated attacks of rheumatic fever, who had partial 
heart-block following thyroidectomy for exophthalmic goiter, and, 
subsequently only prolonged auriculoventricular conduction time. 
Krumbhaar® noted two cases in wdiich the P-R interval was prolonged, 
in a series of fifty-one cases studied. ’VYillius, Boothby and Wilson,” 
in a study of a series of 298 cases, found one in which there was a 
P-R interval of twenty-eight hundredths of a second. In the study 
made by Dameshek'’ in 1924 there were, besides the two cases of com- 

♦From the Division of Medicine, The Mayo Clinic. 
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plete heart-block, two cases in which conduction time was delayed. In 
1929 Andrus,^ in a series of eighty-six eases of exophthalmic goiter 
and adenomatous goiter with h3’^pei*th3T.'oidisra, found one case of 
heart-block, the type of which he did not specify. Eason,-''’ in 1930, 
described the case of a .young woman who had exophthalmic goiter, 
and who had fever of several Aveeks’ duration following tonsillectomj'; 
subsequent to the febrile period, a .s.yncopal attack, with associated 
arrhythmia, occurred. The electrocardiogram gave evidence of partial 
heart-block; that is, a iirolonged P-B interval with occasionallj" 
dropped A’^entrieular complexes. The patient recovered satisfactoi'ilj^ 
from the arrh5Thmia. Cameron and Hill,” in 1932, reported Iavo eases 
of partial heart-block in association AA’ith exophthalmic goiter; the 
patients Avere jmuug Avomen. In one ease the heart-block Avas present 
three Aveeks folloAA’-ing an attack of tonsillitis; in the other case the 
heai*t-bloek developed tAvent.A’--four daj's folloAving the onset of acute 
tonsillitis and four daj’S folloAving tonsilleetom.A*. The authors called 
attention to the possibility of the infection of the throat being an etio- 
logical factor in the production of the heart-block. 

Investigators, as folloAA^s, have rcA'icAved series of eases of hj^per- 
tlyroidism and have not found evidence of disturbed auriculoventricu- 
lar conductmty; Smith and Cohnn,^* 100 cases; White and Aub,^'"’ 
tAventy-seven cases; Kerr and Hensel,® fifty-eight cases. The experi- 
ence of Goodall and Eogers,® hoAvever, aa^s at A'ariance Avith these 
findings ; they found the P-R inteiwal to be prolonged in 242 cases in a 
series of 787 cases of hj^Derth^n-oidism Avhich thej* studied. There was, 
hoAvever, no instance of a higher grade of defect in conduction. 

The cases in Avhich electrocardiogTams made at The IMajm Clinic 
since 1923 gaA^e eAudence of complete heart-block Avere reAueAved. Six 
of the patients had exophthalmic goiter. No cases of adenomatous 
goiter Avith h 5 ’pei*th 3 H’oidism in AAdiich complete heart-block occurred 
Avere found in this period of time. This Avas contraiy to expectation 
Avhen the study Avas undertaken. We had anticipated a coincidental 
association of comijlete heart-block resulting from artei'iosclei’otic 
heart disease and lypertlijn-oidism and also that this association Avould 
occur less frequentty AAnth exophthalmic goiter than Avith adenomatous 
goiter AAuth hj^pei’thj^roidism, since the latter occurs at a more ad- 
Amnced aA'^erage age.- 


BEPORT OP CASES 

Case 1. — A A^'oman, aged tAventy-tAA'o years, came to the clinic September 13, 1924, 
Avith exophthalmic goiter of one and a half years’ duration. She had not received 
digitalis. On account of a mild, acute infection of the upper part of the respira- 
tory tract, operation was delayed until September 30, AA'hen subtotal thyroidectom}- 
Avas performed. Except for persistent fever until the eighth postoperative daj', 
convalescence Avas uneventful. On that day an epileptiform seizure suddenly de- 
veloped and Avas accompanied by marked bradycardia. The attacks recurred for tAvo 
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(lays, mu'! rciicalccl clectroeai'diofjrains Ki"'c cvidonco of coinplcilc auviculovcntricular 
dissociation. Conduction time liccamc normal October 17, and .snbsecjnently the 
imticnt’s convalescence was wittiont noiewortliy incident. 'Ibvo years later she re- 
ported that she was in good health. 

Case 2. — A woman, aged twenty-seven years, came to the clinic September 1.1, 
1922, on account of severe exophthalmic goiter of five months’ duration. October .1 
the left superior tliyroid vessels were ligated, and Oetolmr 10 the corresponding 
vessels on the right side were ligated. The patient did not return for further o]iera- 
tion until February 22, 1923. Tlinm days after her return acute follicular tonsillitis 
with fever developed; it persisted for five days. Partial tbyroidcctomy was ])er- 
formod Idarcb 17. The postoi>erativc reaction was rather severe, the jmlse was 
persistently rapid, and the temperature was elevated until the eighth postoperative 
day, when the pulse rate suddenly dropped from 110 to 72, and to 30 the following 
day. A syncopal attack occurred on that day, with unconsciousness of a few 
seconds’ duration: there was marked jiallor, but no convul.sion or muscular twitch- 
ing. Fifteen such attacks occurred during the day. The electrocardiogram re- 
vealed complete auriculovcntricular dissociation. Nornnil conduction time was not 
established until six days later. Twenty-five days following thyroidectomy the 
pmtient was dismissed from observation, and three months later she reported that 
she was in good healfli. 

Case 3. — A man, aged thirty-live years, came to the clinic ^larch 31, 1925, on 
account of severe exophthalmic goiter of one year’s duration, and mild congestive 
heart failure. An electrocardiogram revealed rapid auricular fibrillation. Four 
days later scarlet fever developed, and the temperature was elevated for four days, 
^farch 29 the fever recurred, and there was evidence of multiple arthritis. Jdarch 31 
the pulse became regular and its rate droiiped abruptly to 10 each minute. Tlio 
liatient appeared to be extremely ill but he did not lose consciousness. April 1, 
an electrocardiogram gave evidence of a ventricular rate of 47 and of auricular 
fibrillation with regular ventricular rhythm. The QPS comjilex rciiresented an in- 
terval of twelve-hundredths of a second. The i)ulso remained regular; its rate was 
between 40 and 47 for three days and then gradually increased and again became 
irregular. April 9, the QPS complex represented an interval of normal duration. 
May IS, the right lobe of the thyroid gland was removed, A severe reaction fol- 
lowed, but there was no evidence of reciu-rence of the heart-block. 

Case 4. — A woman, aged fifty-three years, came to the clinic January 21, 1923, 
with exophthalmic goiter of ten months’ duration. The basal metabolie rate was 
-f49 per cent. She had not received digitalis or iodine. A week later an acute in- 
fection of the upper part of the respiratory tract, u-ith acute tonsillitis and fever, 
developed. This persisted for a week. For a month she complained of a cold, but 
there u-ere no findings to substantiate the complaint. The fever recurred March 4, 
but the physical findings wore still negative. JJarch G the pulse rate suddenly 
dropped from IIG to 70, and the patient became weak and nauseated, and vomited. 
An electrocardiogram revealed complete auriculo-ventricular dissociation, and this 
was found again ;^^arch 7 (Fig. 1). 

The patient died Iilarch 10. The post-mortem findings were as follows: the heart 
weighed 257 gm. and was not enlarged. Nothing unusual was noted about the 
epicardial surfaces, the endocardial surfaces were smooth, and cvcrvwliere intact. 
There were no gross lesions of the valve Icatlcts, cusps, or chordae tendineac. The 
walls of the ventricles were of normal thickness. The left ventricle was thought to 
be slightly dilated. On cut section the myocardium was normal in color and con- 
sistence. 
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Sections were taken from various poi’tions of the heart for microscopic study. 
Sections taken from tlie wails of the auricles, and in the region of the sino-auricular 
node, appeared normal and stained well. Sections taken from different portions 
of the wall of the left ventricle appeared normal. Sections taken through the 
auriculoventricular node and bundle contained, especially in the ventricular portion 
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Pig. 1. — Complete auriculoventricular dissociation. Ventricular rate 50 beats a min- 
ute; auricular rate, 110. 



Fig. 2. — a. Membranous portion of the interventricular septum : 6, auricular ven- 
tricular bundle ; c, muscular portion of Interventricular septum; areas of cellular 
infiltration (X35). 


N 





of the bundle, and also in adjacent structures, extensive cellular infiltration (Pig. 2). 
This process consisted of cellular foci composed of numerous polymoridionuclcar 
leucocytes (Pig. 3), and considerable numbers of small mononuclear cells. IMany 
dilated blood vessels were present. This portion of the auriculoventricular bundle 
and the adjacent tissues were somewhat edematous. The cellular infiltratvon was 
most marked at the juncture of the membranous with the muscular portion of the 
interventricular septum. The infiltration extended for a considerable distance down 
into the interventricular septum. There were several regions of leucocytic infiltra- 
tion throughout the wall of the right ventricle. 

In sections taken at the juncture of the membranous and muscular })ortions of 
the interventricular septum, where the leucocytic infiltration was moat extensive, and 
stained with Brown Gram slain, were some gram-imsitivc bacteria (Fig. 4), which 
were believed to be either diplococci, or streittococei in short chains. Tliese bacteria 
were found in the ventricular portion of the auriculoventricular bundle and its 
adjacent structures. They wore most numerous just beneath the endocardium. 



Fig-. 3. — Higher niagniflc.ation of a .section t.akcn from area <1 in Fig. 2. Nunierous 
polymorphonuclear leucocyte.s, a few small inononuclcnr coJl.s, and many ciilatetl blood 
vessels and considerable edema, are evident. Hematoxylin and eo.sin (X700). 

Fig. 1.— .Section taken from area d in Fig. 2, .stained witli Brown Gram .stain. Tlio 
arrow points to wliat is believed to be .a .short ciiain of .streptococci (X.aOO). 


The thyroid gland weighed .oS gm., and on microscopic examination was scon to 
have undergone rather nmrked ptirenchymatous hypertrophy. The thymus was 
moderately liypertrophied. The liver was somewhat atrophic; its weight was 1,284 
gm. Other structures examined were essentially normal. 


Case o. — A woman, aged sixty-three years, came to the clinic .Tune 12, 1929, on 
account of exophthalmic goiter of two years’ duration. She also had mitral stenosis. 
She had received digitalis continuously for five months, until the time of her 
admission to the clinic. She had congestive heart failure, and the electrocardiogram 
gave evidence of complete auriculoventricular dissociation. There was no history 
or evidence of recent acute infection. Administration of digitalis was discontinued 
and two weeks later conduction time was normal. August 7 lobectomy was per- 
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formed. Six montlis later the patient was reexamined; the P-R interval was then 
twenty-eight hundredths of a second, and the basal metabolic rate was -11 per cent. 

Case 6. — A woman, aged sixty-five years, came to the clinic February 19, 1929, on 
account of exophthalmic goiter. She had received digitalis continuously for four 
months, to the time of her admission at the clinic; we found that she had complete 
heart-block. Administration of digitalis was discontinued, and five days later there 
was a regular ventricular response to auricular contraction. However, there was 
delayed aurieuloveutrieular conduction time, and this persisted. Subtotal thyroidec- 
tomy was performed March 6. An electrocardiogram, made seven days later, dis- 
closed normal conduction time. 

In all of the six eases reported, the Wasserniann test was negative, and in Cases 
1, 2, 3 and 4 throat cultures for Corynchactcrium diplilhcruic (liacillus diphthcruw 
Klehs) were negative. 

COMMENT 

Judging' from any evidence -wdiich we were able to find concerning 
either the morbid anatomy or functional disturbance of the heart in 
the presence of hypertliju-oidism, there Avould seem to be no reason for 
hyperthyroidism in itself to result in interference with auriculoven- 
trieular conductivity. No distinctive type of cardiac lesion has been 
accepted generally as characteristic of hyperthyroidism. That non- 
specific myocardial lesions occur more frequently and ai-e of greater 
extent in cases of hyperthyroidism than in control series has been ob- 
served repeatedly in the study of the pathological changes in the heart 
in cases of hjTperthyx-oidism.^-’ In exceptional cases there are re- 
gions of mononuclear infiltration and destruction of muscle fiber, 
which, if situated in or near the bundle of His could result in loss of 
aurieuloventricular conductivity. 

Ordinarily, in cases of hyperthyroidism, there is no definite change 
in aurieuloventricular conduction time, in spite of the accelerated car- 
diac rate and the stimulated general physiological activity. Although 
there has been some divergence of opinion conceniing the length of the 
P-R interval in the presence of hyperthyroidism, JolP concluded, after 
a review of the published evidence, that there is no shortening of the 
auricular period and that in a few cases there may even be a degree of 
heart-block. In the reported cases to which he referred, however, 
there was no evidence to indicate that in those cases in which the 
interval was increased, hyperthyroidism was the only etiological fac- 
tor. In each of the first four cases reported in the series of six re- 
viewed from the records of The Mayo Clinic, an acute infection 
immediately preceded or accompanied the onset of the heart-block. 
In Case 4, the pathological findings were conclusive evidence of the 
mode of production of the heart-block, and Avere indicative of the 
distui’bance of mechanism in Cases 1, 2 and 3, in all of AAdiich tlie se- 
quence of events preceding the onset of the heart-block Avas similar. 
In Case 3, the clinical course of the patient subsequent to recoveiy 
from the heart-block also Avould tend to indicate the presence of a 
localized inflammatory lesion in or near the aurieuloventricular bun- 
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die, secondary to scarlet tevor. The patient gradually recovered from 
the heart-block rvithout any appreciable decrease in the severity of 
the hyperthyroidism, and later, following lobectomy and a severe 
postoperative reaction evidence of recurrence of derectivc auriculo- 
ventricular conductivity did not dcvelo]?. 


The part played by acute infection in the production of interference 
with auriculoventricular conductivity has lieen tliorouglily established 
by extensive investigations of the pathological anatom.y. ]n the lit- 
eratiu’c are reports of numerous cases in which the development of 
heart-block has been conclusively explained by the presence of local- 
ized inflammation, of various degrees, in tiie anricnlovcntricnlar bun- 
dle or adjacent to it. Such processes have accompanied infectious of 
many types, such as tonsillitis, rheumatic fever, diphtheria, pneu- 
monia, gonorrheal septicemia, and infection of the blood stream from 
various sources. At least four of the reported cases of hyperthyroid- 
ism with associated heart-block referred to in the literature, namely, 
those of ]\terklen,” Eason,'’ and Cameron and Hill,-' would seem to 
fall into the same catcgoiy as the first four cases of the scries which 
we have reported in this papoi*, so far as recent, infection is concerned. 
In the cases brought to attention by Eason, and by Cameron and Hill, 
the patients had had acute tonsillar infection, and in the case referred 
to by Merklen an acute infection of the upper part of the respiratory 
tract shortly preceded the onset of the heart-block. Furthermore, in 
all of these cases the patients were young, and gave no evidence of 
having suffered previous cardiac injuiy. 

"With exophthalmic goiter, the patients display a pronounced sus- 
ceptibility to acute tonsillitis, and although most of them recover 
promptly and satisfactorily from the infection, at times the reaction is 
severe. It would seem possible that fatigue from overwork, or perhaps 
an intrinsic metabolic disturbance, would result in lowered resistance 
to metastatic infection or toxemia, Avith greater susceptibility to such 
complications as developed in Case 4 of those here reported. This 
explanation has been suggested by Rake and McEachern.^= Yateri® 
stated that rabbits given injections of thyroxine are more susceptible 
to infection, that focal necrosis readily develops throughout the heart, 
and that other lesions indicating inability of the myocardium to cope 
with infection appear in eases of hyperthyroidism. 

The occurrence of auriculoventricular dissociation in Case 5 is rea- 
sonably explained on the basis of the eliect of digitalis on a previou.sly 
injuied auiiculoventricular bundle. Chi’onic mitral valA''ular disease 
Avas present in this case, and administration of digitalis for a. month 
resulted in complete auriculoventricular dissociation, Avhich dis- 
appeared folloAving discontinuance of the treatment Avith digitalis. 
The probability that the bundle bad been injured prior to the time of 
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the treatment with digitalis is enhanced by the fact tliat seven months 
after occurrence of the auriculoventriciilar dissociation, conduction time 
was slig’htly prolonged at the time when the low basal metabolic rate, 
previously mentioned, Avas determined. In Case 6, although no clini- 
cal evidence of intrinsic cardiac injury was present, the age of the 
patient made probable the same explanation as apidies in Case 5. In 
Case 6 the patient had taken digitalis eontinuously for five months 
prior to examination at the clinic and Avhen administration of digitalis 
Avas discontinued, the heart-block decreased in severity, although it 
Avas not knoAvn that it subsided until folloAving thyroidectomy. 

SUMMARY 

Six cases of exophthalmic goiter in AA’hich complete auriculoventric- 
ular dissociation occurred Avei'e obserAmd at The Majm Clinic. Three 
of the patients had had acute tonsillitis shortly preceding the onset of 
the arrhythmia and one patient had had scarlet fever. In the one 
fatal case, necropsy revealed an inflammatoiy lesion invohdng the 
region of the bundle of His, in AAdiieh Ave Avere able to demonstrate 
gram-positive bacteria Avhich Ave belicAmd to be either diplococci or 
streptococci in short chains. In the tAvo cases of the series in AAdiich 
development of the heaid-block Avas not associated Avith acute infec- 
tion, there is reason to believe that the heart-block Avas precipitated 
by the effect of digitalis on a prcA'iouslj^ injured auriculoventrieular 
bundle. In those cases in Avhich acute infection Avas present, evidence 
is advanced to indicate that the hyperthyroidism predisposed the pa- 
tient to the development of acute infection, and also to secondary myo- 
cardial inA^olA’'ement Avhich resulted in the occurrence of heart-block. 
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STOKES-ADAIIS DISEASE TREATED WITH EPHEDRINE; 
FINAL REPORT OF A CASE* 

Chaeles S. HigleYj M.D., Am) Robert M. Stechee, M.D. 
CLEVEiiAm), Ohio 

I N 1928 one of us® reported in this Jotjehal a case of Stokes-Adams 
disease irith complete cessation of attacks after the use of ephedrine 
by mouth. The patient was further observed by us up to the time of 
his death October 20. 1932. A review of the case with the necropsy 
findings is given here. 

Summary of first admission: J. M., a sixty-five-year-old wliite laborer, was ad- 
mitted to tlie Medical Service at City Hospital, September 27, 1927, complaining of 
faulting attacks. His present illness began eight days before admission when be sud- 
denly became dizzy and fainted. Eecovery was prompt and complete, but similar 
attacks recurred with increasing frequency and on admission were occurring at in- 
tervals of several minutes. His past history was essentially negative. There was 
no history of diphtheria or syphilis. The patient was accustomed to heavy work 
and had been a hard drinker. Physical examination revealed a well-nourished and 
well-developed adult male, resting comfortably in bed. He was having frequent 
attacks which lasted from fifteen to twenty seconds, in which he showed mental con- 
fusion and inability to talk. His face assumed a staring expression, and there 
was loss of consciousness followed by convulsions. During the attacks his skin be- 
came blanched and there was complete cessation of heart sounds, cardiac activity 
and peripheral pulses. The heart action was resumed with a powerful precordial 
heave, a distinct flushing of the skin and a sudden return of consciousness. The 
pulse rate after the attacks was 24 per minute. The chest was emphysematous and 
the apex impulse could not be definitely localized at any time. The heart sounds 
were loud and of good quality, and there was a systobc murmur at the apex. Blood 
pressure was 140/56 mm. Blood Wassermann reaction was negative. 

Electrocardiograms taken on admission during one of his attacks showed con- 
secutive periods of ventricular asystole of 7.4 seconds, 3.4 seconds and 10.2 seconds. 
Later cardiograms taken after the patient had been given ephedrine showed left 
ventricular preponderance, complete heart-block with regular rhythm. Ventricular 
rate 25; auricular rate 58 per minute. 

Course: The patient was first treated with 10 minims (0.6 c.c.) of 1:1000 solu- 
tion of epinephrine subcutaneously during attacks. This gave him relief for several 
hours. Thirty mg. of barium chloride were given three times a day for six days, 
but this was discontinued because of lack of appreciable effect. He was then 
given 30 mg. of ephedrine sulphate three times daily by mouth. This gave him 
relief from the attacks, and in one week the individual dose was cut to 20 mg. 
He had no more attacks and in two weeks the medication was discontinued. The 
patient remained symptom free during the ensuing ten weeks and was discharged. 

♦Prom the Medical Clinic of XVestem Reseiwe TTniverEity at Cleveland City Hospital. 
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SuTjscqucnt course: The patient ■was next seen by us in Scptcinbcr, 102S, when 
he returned to the hospital because of a recurrence of his attacks and on admission 
showed essentially the same picture as on the previous admission. Tlie medication 
consisted of 30 mg. of ephedrine hydrochloride three times daily by moutli. There 
was relief of the symptoms and the patient was discharged on this dosage and fol- 
lowed in the Out-Patient Department until ^lay, 1932, when ho was readmitted to 
the Medical Service, complaining of loss of vision. 

Physical examination at this time showed a senile while male who was not 
acutely ill. Both eyes showed opacities of the leiis. There was marked dental caries. 
The pharj-nx was normal and the tonsils were atrophic. The thyroid was not pal- 
pable. The chest was emphysematous and the breath sounds were normal. No 
rales were heard. The left border of cardiac dullness was 8 cm. from the mid- 
sternal line and no murmurs were heard. There were occasional exlrasystoles. The 
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Fig. 1. — Eloclrocarciiogram taken May 2G, 1932, .slicwing complete heart-block. Auric- 
ular rate CO, ventricular rate 2.0. 


pulse rate was about 26 per minute. Blood pressure was 130/54 mm. The patient 
showed no signs of cardiac failure. The peripheral vessels were markedly sclerotic. 
The reflexes were physiological. 

Electrocardiograms taken May 20, 1932, showed complete heart-block. The 
T-wave was upright in all leads. There was no prolongation of the QBS interval. 
Auricular rate GO, ventricular rate 25 per minute (Pig. 1). 

Course: The patient was given 30 mg. of ephedrine sulphate daily. On this 
dose he was apparently free from attacks and the heart rate remained at about 26 
per minute. He was transferred to the Ophthalmological Service and an iridectomy 
of the right eye was done August 12. One week later ho had several attacks and 
the dose of ephedrine was raised to 25 mg. twice daily. This seemed to control 
his symptoms moderately well, and September 9 the cataract in the left eye was 
extracted. Two weeks later it was found necessary to increase the dose of ephedrine 
to 50 mg. twice daily. He seemed improved and on October 3 a discision of the 
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left eye was done. Si.xteen days later he had a recurrence of frequent Stokes-Adanis 
attacks. The heart rate decreased to 12 per minute hetweeu attacks, and he be- 
came (juite cyanotic and complained of sharp pain in the right arm. Large doses of 
cafTeinc sodium-beni'oate and epinephrine were given subcutaneously, but the pa- 
tient died the ne.xt day during an attack. 

Anatomical Findings . — The autoi)!?}' was performed thirty-six hours after death 
by Dr. T. T. Frost. We arc indebted to him and to Dr. David Seecof for the 
patliological description of this case. 

Heart: The heart weighed ueO gm. The cpieardium in general was pale, smooth 
and glistening, except for two so-called “soldier’s patches” measuring 2.5 b}' 3 



Fie. 2. — I>'fl voiitrlclo opened showing location of microscopic sections. 

cm., one on the anterior and the other on the posterior surface of the right 
ventricle. The coronary :irteries were straight and soft. On section, the myocardium 
was brownish red aiul no gross scarring was present. The right auricle was some- 
what dil.'ited and tin- iici‘fin:itc inu«cle.s were hypertrophic. The endocardium was 
pale, smooth and gli*-!ening. The trjcus]>id leaflets and their chordae tendineae were 
no; almormal. 'riie papillary muscles and trabeculae eanicae were hypertrophied. 
'Il;e pulmonic h■.•^^let^ were not nbnorinal. The left :niricle was dilated, and the 
indocanrumi was slightly thickened and wrinkled. The mitral leaflets were irreg- 
idarly thi'-k' nfd, prirticnhtrly along the lin(> of clo.sure. At the base of the largc.st 
h ath ; tic re was a thseketn d, irregul.ar, cah-iiled nodule, extending into the inter- 
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ventricular septum and tliroupli this to the base of the tricuspid leaflets. The 
chordae lendineae ^vero slightly thickened but not fused or shortened. The ])nj)illary 
muscles and trabeculae carneae were somewhat hypcrtrojthied. 'Phe endocardium 
of the interventrie\ilar septum showed several areas of opaque thickening. The jiars 
membranosa of the interventricular sejttum was translucent and vasculari'/.cd, and 
in the myocardium adjacent to it there was a siuiill calcareous nodule 3 mm. in. 
diameter. 

The aortic leaflets were irregularly thickened and the free borders were rolled 
outward. There were nuuu'rous calcareous nodules iircsent. The sinuses of Yal- 
salva contain numerous elevated, firm nodular plaques. Surrounding the aortic ring 
were numerous yellow calcified plaques from 1 to 10 mm. in diameter. The orifice 
of the right coronary was slightly narrowed. The coronaries were patent and their 
intima was irregularly thickened by small yellow elevated plaques averaging 3 mm. 
in diameter. 

Mierosciqiic Sections; (See h’ig. tl, for location of cut sections.) 

Section 1. Interventricular septum adjacent to pars membranacea: The endo- 
cardium on the side of the left ventricle was modcr.-itely thickened by fibrous tissue 
and at the thinnest jiortion of the section there was marked thickening with nu- 
merous areas of calcification. The suiieifici:il hi\er of muscle was replaced by 
fibrous tissue, which extended to a slight degree between tlie adjacent muscle libers. 
Midway between the two ventricular surfaces there was moderate replacement of 
muscle fibers by a dense, relatively acellular, connective tissue. In the endocardium 
on the side of the right ventricle theie was a small area of fibrous thickening. 
The vessels in this region roAcaled a modernlc thickening and hyalinization of .all 
three coats, which was more pronounced in the medium-sized vessels. They were 
surrounded by an increased amount of fibrous tissue. Tlie remaining portion of 
the section showed occasional small areas of interstitial fibrosis. Tiic muscle fibers 
were of average size with well-preserved cross striatioii. The majority of the 
nuclei were small and found close together. An occasional large nucleus with 
square ends was seen. No I’urkinje fibers were present in this section. 

.Section 2. Interventricular septum -1 cm. below aortic ring. The endocardium 
was moderately thickened by a loo'-'ely ai ranged, relatively acellular connective tissue, 
in which were l.'irge cells cut in cross-section. These showed a superficial resemblance 
to myocardial cells but were larger and contained a greater proportion of cyto- 
plasm, the nuclei were small and irregular in shajie and there was a tendency to- 
ward peripheral arraiigcmcnt of the contnicted fibrillae. The vessels and myo- 
cardium elsewhere in this section wore similar to those in Section 1. 

Section 3. Pars Arembranacea adjacent to Section 1: Thei-c were marked sub- 
endothelial fibrosis and large areas of calcification, chiefly on the side of the loft 
ventricle. This fibrosis extended deeply between the fibers of the myocardium. In 
many places the muscle fibers were small, palely stained and vacuolated. No 
Purkinje fibers were present in this section. 

Section 4. AVall of loft ventricle .and left descending coronary artery: The 
epicardium and subepicardial fat showed no abnormalities. The intima of the 
coronary vessel was moderately thickened by fibrous change. The adventitia was 
thickened by hyalinized fibrous tissue. Tlie myocardium contained numerous irreg- 
ular areas in which the muscle cells had been replaced by dense connective tissue. 
Tho muscle fibers were large and had well-preserved striations and large nuclei, many 
of which had squared ends. Brown pigment granules wore frequently present in 
tho cytoplasm near the nuclei. The small coronary vessels showed a moderate de- 
gree of fibrosis. The endocardium was slightly thickened by acellular fibrous tissue. 

Section. 5. Posterior papillary muscle. There was a slight degree of acellular 
fibrosis throughout. The large coronary vessels showed marked thickening of tho 
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intima by liyalinized connective tissue, and the adventitia was surrounded by an 
increased amount of dense, slightly cellular connective tissue. There was slight 
intimal fibrosis of the smallest vessels. The endocardium was moderately thickened 
by acellular fibrous tissue. The myocardium in this section was the same as in 
previous sections. 

Section 6. Base of heart including left ventricle, left auricle, left circumflex 
artery and base of mitral valve: The intima of the coronary artery was con- 
siderably thickened by fibrous and liyalinized fibrous tissue. In the deep layers 
of the intima an occasional small capillary was present, and there was a slight in- 
filtration of lymphocytes and an occasional polymorphonuclear leucocyte. The base 
of the mitral leaflet contained an increased amount of acellular hyalinized con- 
nective tissue. The endocardium of the left auricle was moderately thickened by 
acellular fibrous tissue. Myocardium was similar to that described above. 

Section 7. Left ventricle taken parallel to surface and 3.5 cm. from apex: There 
is a slight degree of interstitial, acellular fibrosis, and moderate fibrosis of the small 
coronary vessels. 

Note: No Aschoff bodies were present in the myocardium in any of the sections. 

Aorta: The aorta measured 9.5 cm. in circumference at the arch. Extending 
throughout the aorta, particularly in the lower portion, there were yellowish gray, 
elevated plaques projecting above the cut surface. These were calcified in the 
region of the bifurcation. Mieroseopicallj'' there was marked intimal thickening 
by hyalinized connective tissue. The media showed a moderate degree of fibrosis. 
In the adventitia the vessels were slightly thickened and no cellular infiltration was 
present. 

Femoral Artery: The vessel was markedly and irregularly thickened and calcified, 
particularly in the media. The size of the lumen was reduced by more than half. 
Microscopically there was extreme fibrosis and calcification of the media and marked 
irregular thickening of the intima by fibrous and hyalinized fibrous tissue. 

Pathological changes of the other organs include a bilateral bronchopneumonia, 
pulmonary emphysema, arterial and arteriolar nephrosclerosis, and chronic chole- 
cystitis wth cholelithiasis. 


DISCUSSION 

This case of Stokes-Aclams disease is one of the first reported as 
being successfully treated with ephedrine. In 1923 FeiP and other 
workers'*’ ® had reported the successful use of epinephrine in this dis- 
ease, and because of the similarity of action of the two drugs we de- 
cided to trj’- ephedrine in our case. In 1925 Miller® had reported the 
use of epliednne in a patient having heart-block without Stokes-Adams 
attacks. The drug was used subcutaneously in 100 mg. doses, and 
there followed an increase in both auricular and ventricular rates as 
shown by electrocardiograms. In 1927 Hollingsworth® reported a 
case of Stokes-Adams disease which showed absence of attacks after 
recehdng 50 mg. of ephedrine by mouth daily. Polygrams of the case 
were published but no electrocardiograms were taken. These two case 
reports were the only ones found in the literatui’e. Recently, "Wood^ 
reported the use of the drug in Stokes-Adams attacks. 

According to Karsnert the most common cause of permanent A-V 
block is coronarj' disease with its naiTowing of the vessels supplying 
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the junctional tissues. As the vessels narrow, tlie A-V bundle and 
node undergo extensive degeneration and fibrosis. While our patient 
showed marked arteriosclerosis ol; liis periplieral vessels both clinically 
and at autopsy, the coronary vessels were not seriously involved. 
Looking for other explanations for the changes in the bundle, such 
as rheumatism, .syphilis, diphtheria, .scarlet fever or toxic agents, we 
find a lack of sufiicient clinical and pathological evidence to ascribe 
the cause of the changes to them. We must then assume that the 
coronary sclerosis was sufiicient to account for these changes. 

SUMMARY 

Subsequent observations with necropsy findings are recorded in a 
case of complete heart-block whose attacks of Stokes-Adams syndrome 
■with iieriods of ventricular standstill were previously reported as hav- 
ing been controlled with ephedrine. 
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CONGENITAL HEART-BLOCK 


A Case With Otheh Cardiac Akomaeies in a Studext of 
Twexty-Oxe Yieirs^t 

L. -Mixor Blackford. M.D., axd Hexht Isl. jMcGEHEE, ]\LD. 

Atlaxta, Ga. 

A lthough heart-block is a grave omen, it does not of itself mean 
- an early death. Tanssig* has made the diagnosis in a woman of 
.seventy-two years, whose pulse had been slow all her life, and who 
died of pneumonia four yeans later without signs of congestive failure. 
Hyman" has imported complete heart-block in an active, healthy man 
of fifty-eight years, whose pulse had been slow since the age of twelve 
years, “if not before.'' Pace^ has recorded another asymptomatic case 
with bradycardia of thirty-four yeai-s’ known duration. ‘White’ has 
under observation a woman, now forty-two years old and a champion 
golfer, with proved heart-block of fourteen years' standing. Death 
from heart failure in cases of block is due to failure of the myocardium. 

Forty-four case.s of congenital heart-block (complete, in tJiiity-five) 
have .lust been reviewed by Yatcr, Lyon and iMcNabb,® In six eases 
the heart was apparently normal except for the dissociation. In the 
majority, however, the. clinical diagnosis was patent interventricular 
septum, and this defect was present in the five that came to necropsy. 
The atrioventricular bundle studied microscopically in three was im- 
perfectly developed. Three other clinical cases of com]dcte heart- 
block liave been reported, two by Ellis'"' and one hr Wood and Roger." 
Prenatal bradycardia was noted in only one of the forty-seven. 

When heart-block is discovered after the age of twenty yeans, it is 
difficult to be sure that it antedated birth. Diphtheria is thought by 
some not to cause pcnnnncnt block. If this be so, when a patient with 
lieart -block who has never had rheumatic fever states that his slow 
pulse was first obseiwcd in youth, it is reasonable to as.s'ume that the 
di.ssociation is congenital: only a previous normal electrocardiogram 
can prove the contrary, Tiicrefore the heart -block in the patients of 
Taussig, llyinan. Pace and White (aged .seventy-six, fifty-eight, forty- 
eieht and forty-two years re.spcctively) was ]>robably of congenital 
origin, and three <tf these autlioi*s incHned to this opinion. 
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stated that his pulse had always boci\ slow. A tentative diagnosis of congenital 
heart-block with patent i>iterventricnlar sej)tuin was made. 

Air. H.. the boy’s father, said that he himself had always enjoyed good health 
and that he had not used alcohol before 1020; he was not related by blood to his 
wife. Airs. II. had never been particularly strong, but she had given birth to a 
normal baby both before and after 11. In the summer of 1011 she. was ill with 
malaria. Since she failed to rally satisfactorily, a laparotomy for suspected ovarian 
disease was advised. (Iperation revealed e:irly ])regnancy but no pathological con- 
dition. Before she came to term some months later, the family doctor noted 
that the fetal heart was slower than the maternal. After delivery B.’s pulse was 



Eip. 1. — .Vntoroiinsterior telcrocntKeno^rr;ini. The .«jilliouettc surkosI.s that of a 
PTuinoa lion. It ma.v he that torsion conceals liypcrtropliy of tlic rifrlit ventricle, which 
tlius forms the ape.x. It may ho tliat tlie hilar thlekcninfr is tlio result of hypertension 
in the pulmonary circulation. (Courtesy Dr. E. D. ShanU.s. ) 

still slower than his mother’s. He was a blue baby. After a time the parents 
were told that ho would “outgrow” his slow pulse, and they ceased to worry 
about it. 

E.xccpt for repeated attacks of tonsillitis, B.’s childhood was esscntiallj- normal; 
cyanosis was not noted again iind he experienced no dyspnea. Then frequent 
seizures of vertigo, and headaches with nausea and vomiting after unusual exertion 
began to annoy him. One hot day when he was nine years old, B. was sent to 
fetch a bucket of water and he fainted, remaining “limp for some ten minutes.” 
A year later Dr. Albert E. Taussig reported, “The pulse was 4-1, rising only to 5C 
on violent exertion; the auricular rate was 109 as shomi by the electrocardiogram, 
with complete auriculoventricular block.” Though moderate restriction of activity 
was advised, the boy was encouraged to lead a normal life so far as the efficiency 
of his cardiovascular system would permit. The best criterion of this efficiency is 
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that B. fractured his left femur playing sandlot football in 1927. Headache and 
vomiting have recurred only once or twice since he first saw Dr, Taussig. He has 
never had any precordial pain or edema, but ho has been taught to rest whenever 
tired. 

Phiisical Examinaiion . — There arc no signs of edema, cyanosis or clubbing. Pre- 
cordial bulging is marked: by actual measurement, the anteroposterior diameter of 
the left chest is from 1.5 to 2.0 cm. greater than that of the right. The apex beat 
is visible in the fifth interspace about 9 cm. from the midlinc, and retraction of the 
short ribs on the left synchronous with the heart beat can be seen behind. The 
left border of cardiac dullness extends 10 cm. in the fourth and fifth interspaces, 
and 7.5 cm. in the third. There is no increase in dullness to the right. A short, 
faint systolic murmur is heard at the apex and a long diastolic murmur to the left 



Fig. 2. — Electrocardiogram taken Marcli 10. 1933. Auricular rate 66. ventricular rate 
.'ll; complete dissociation. (Courtesy Dr. E. D. Shanks.) 


of the sternum, perhaps loudest about the third interspace, is present. The pulmonic 
second sound is accentuated: it is sharp and distinct several centimeters from 
midline. The pulse is of the “collapsing” type and there is a marked “pistol 
shot’' in the groin. The pulse rate is 51 per minute. The systolic blood pressure 
is 110 mm.; there is a change in the character of the sound at 40, but it does not 
fade out until the mercury reaches 10 mm. Physical examination otherwise and 
routine laboratory tests are without interest. The anteroposterior teleroentgeno- 
gram is reproduced in Pig. 1; diagonal views with the esophagus visualized show 
that the left atrium is not enlarged, but indicate that the left ventricle is. One of 
the many electrocardiograms, all of which showed complete block, is shown in Pig. 2. 

Bpinephrin (0.5 e.c.) was administered. During the height of the reaction, 
which came after the electrocardiograph had been disconnected, 44 contractions (in- 
cluding four extrasystoles) to the half minute were heard at the apex. 



BLACKronn axd mcgeiike: congenital heart-block 


99 


DISCUSSION 

The prenatal bradycardia, llie immediate postnatal observations, the 
repeated records of slow pulse during infancy and childhood, the dra- 
matic sjnicopc at the age of nine years, the graphic evidence of lieaid- 
block at ten years, the absence of syphilis, diphtheria and I’henmatic 
fever, all indicate that Ihis hcai*l-block is of congenital origin. 

Although Abbott has emphasized that an accurate diagnosis of car- 
diac anomalies is often possible in an adult, a satisfactory one cannot 
be made in this case. Roentgenological studies often aid in the differen- 
tial diagnosis, but they fail here because no similar one in a case that 
came to necropsy has been found. We believe that there is a lesion in 
the vital region of the membranous interventricular septum, which 
probably involves the right aortic leaflet, thus producing incompetence 
of the valve. This valve may be bicuspid. Intrinsic maldevelopment 
of the conduction bundle is almost certainlj’’ present. 

Of gi-eater clinical importance than the exact anatomical diagnosis, 
however, is the efnciency of the heart. Although this is hampered in 
B.’s case by the associated anomalies, which make strenuous forms of 
exercise inadvisable if not impossible, he has functionally a much bet- 
ter hcaii than ever had the noted musician reported by White and 
Sprague,® who died of a cerebral accident in his sixtieth year. It is 
therefore entirely possible that B. may round out a successful career 
in his chosen profession. He is fortunate in having the means to secure 
a good education and in having been able to become well ad.iusted to 
his limitations. He is more than fortunate in having first consulted a 
wise phj’sician who did not limit his activities more than was neces- 
sary, nor precijiitate a disabling cardiac neurosis. Now that he has 
passed through adolescence, I am satisfied that the danger of heart 
failure is remote. 

SUMMARY 

In cases of congenital heart-block the prognosis depends largely 
upon the extent to which the anomalies which are usually concomitant 
limit the functional capacity of the heart. If these permit the subject 
to survive the early years, his future depends principally upon the in- 
telligence of himself and of his physician. 

Complete heart-block of congenital origin with stmctural anomalies 
in the case of a college student, noAv twenty-one years old, is reported. 
Bradycardia was first noted before birth. Although his physical ac- 
tivities are moderately limited, he may live another fifty yeai’s. Early 
heart failure is not to be expected. 
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AMERICAN HEART ASSOCIATION, 1933 

T he ninth annnnl scicntiluf session of the Americfm Heart Associa- 
tion was hold at the Kniekerhocker Ilotol, itrihvankcc, Wis., on 
June 13, 1933, witli Dr. Walter W. nainbnrfrer as presiding officei-. 

Program 

Introduction. AVnltor W. lliuiiluirgcr, ^t.D.. Chicago, 111. 

Cytological Studies of Granulomata and Exudates From Patients With Ehcumatic 
Fever. Currier ^tcKwen, M.D., Xcw York, X. Y. 

AnSTK.tCT 

Work previously reported lia.s phowii that rlieiiinatic grainiloniafa, as exemplified 
hy the .subcutaneous nodules, contain as their outstanding cytologic components, 
large cells having a characteristic ai>peanince uhen exposed to neutral red and 
.Tanus green by the supravital techni<|ne. These cells difi'er in their reaction to these 
dyes from the characteristic cells of tuberculous and experimental syphilitic lesions. 
Essentially similar cells have been found in a further study of subcutaneous nodules 
from 7 patients with typical rheumatoid arthritis. They were not found, however, 
in examinations of (1". samples of joint exudate, S of pleural exudate, and 4 of peri- 
cardial c.xudatc from .'1.'! i)atieuts with rheumatic fever; or in 27 similar c.vudates 
from patients with other diseases. There was nothing characteristic in the joint 
e.xudates examined which served to diA’ereiiliate those from patients with rheumatic 
fever. In the latter polymorphonuclear leucocytes pn'dominated in most samples but 
tended to decrease in ])roportion to the clasmatocytes as the joints recovered. 
Clasmatocytes were also proportionately more numerous in exudates from patients 
over thirty years of age. From ?> to 20 per cent of lymphocytes and monocytes wore 
present in most samples. The colls of pleural and pericardial e.xudates from patients 
with rheumatic fever were approximately the same !is those of joint e.xudates save 
that 2 to 14 per cent of serosal cells were found in every sample. 

The Importance of Allergy in Rheumatism. Edwin P. Jordan, if.D., Chicago, 111. 

ABSTRACT 

There are numerous recent references to rheumatic fever as a manifestation of 
allergy. The evidence in favor of this liypothcsis is based mainly on analogy, since 
the reproduction of rheumatic fever in exiierimcntal animals has not been successful. 
It was the pinimsc of the present work to determine whether joint lesions similar 
in character to those occurring in human joint disease and to those resulting from 
experimental allergic inflammation could be produced by nonprotein containing 
irritants. For this purpose turpentine and xylol wore used. One c.c. of tui’pentine 
was injected directly into the right knee joint cavities of rabbits, and a similar 
amount of xjdol into the opposite knee. The animals were sacrificed at varying 
periods of time following the injections and the synovia and the surrounding joint 
stmetures examined. In rheumatic fever in man the primary lesion of the joint 
appears to be synovial. In the experimental animals used the iiathologieal changes 

101 




102 


THE AMERICAN HEART JOURNAL 


ia the synovia can be traced through various acute stages to chronic or healing 
stages. From this work it appears that .synovitis produced in rabbits by chemical 
irritants is not essentially dilTercnt from that produced by the allergic inflammation 
observed by others. It is therefore not safe, in the present state of our knowledge, 
to draw etiological conclusions in rlieumatic fever from the similarity of pathological 
changes produced in the joints of experimental animals by allergic inflammation. 

Studies on the Etiology of Rlieiuuatlc Fever. T. Duckett Jones, IM.D., and 
Josephine jMcBroom, A. B., Boston, Alas.s. 

ABSTRACT 

The etiologv- of rheumatic fever remains obscure de.^pite much attention and 
extensive study of the disease during recent j'ears. The evaluation of the role of 
the streptococcus, and more particularly of the hemolytic strcj)tococcus, is discussed, 
especially in relation to throat culture work in rheumatic fever. Immunological 
reactions have not yet definitely proved anj- specific hemolytic streptococcus activity 
in rheumatic fever. Throat cultures have been made on 2-15 patients over a period 
of three and one-half years. The frequenej' of respiratory infection in this group 
is given, as well as the frequency with which hemolytic streptococci appear in the 
throat during the respiratory infection which precedes rheumatic fever. The close 
clinical relationship is noted. However, a close clinical relationship alone is not 
sufficient proof that the hemolytic streptococcus is the etiological agent in rheumatic 
fever. 

Bacteriological Study of Throats in Ehcumatic and Nonrhciunatic Fever Cases 
With Special Reference to Hemolytic Streptococci. Israel Weinstein, AI.D., 
and Norma C. Styron, A.^f., Now York, N. Y. 

.i\BSTRACT 

The investigation included 321 cases and S40 cultures taken from Jlontcfiore and 
Bellevue Hospitals, New York City. Forty-six per cent of the cases were rheumatic 
fever patients. Fifty-eight per cent of the cultures were from this group. The 
remainder were from normal persons and those suilcring from diseases other than 
rheumatic fever. 

The results showed that hemolytic streptococci occurred no more frequently in 
the throats of rheumatic fever patients than they did in the throats of other 
individuals. During an upper respiratory infection the percentage of cultures show- 
ing hemolytic streptococci was no greater in the case of rheumatic fever patients 
than in other groups. However, young rheumatic fever patients suffering from an 
upper respiratory infection showed hemolytic streptococci in their throats more 
frequently than did older rheumatic patients. Those who had had their tonsils 
removed had these organisms less frequently associated with an upper respiratory 
infection than did those who retained their tonsils. In the groups studied, exacerba- 
tions of acute rheumatic fever occurred as frequently when there was no throat 
infection as when there was. The fact that the majority of those in whom exacerba- 
tions of rheumatic fever occurred were individuals having hemolytic streptococci in 
their throats suggests a possible relationsliip between this organism and the reap- 
pearance of the symptoms. 

Dissociation of Streptococci Obtained From Acute Rheumatic Fever. Hatharino 
M.HoweU, M.D., and Eleanor P. Burton, A. B., Chicago, HI. 

♦ ABSTRACT 

Strains of streptococci were obtained by blood culture from four patients during 
acute attacks of rheumatic fever. On blood agar, two strains were anliemolytic, one 
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slightly hcmolyziiig, nnd one greening. The anlicmolytic strains grow in broth TOth 
unifonn turbidity, tlio otliers with granular sediment. According to Holman’s classi- 
fication, based on sugar fermentations, the nnhcmolytic strains were streptococcus 
salivarius, the licmolytic, streptococcus pyogenes, nnd the viridans, streptococcus 
mitis. Three of the strains were highly virulent for white mice, the fourth (an 
anhcmolytic strain) moderately virulent. Search for dissociation in these freshly 
isolated strains began with the original cultures nnd continued for months under 
various conditions. Tlic original colonics from each strain were small, round, smooth, 
pyramidal, entire, nnd metallic. Films from all cultures revealed diplococci and 
short chains j bacillarj' forms, swollen cocci, nnd bizarre forms frequently occurred. 
Many types of media, chemicals, anaerobic conditions, animal passage, ageing, etc., 
were employed to induce dissociation. Unfavorable environmental conditions pro- 
duced SR forms — granular consistency, roughened wavy edges, granular pro.icctions, 
and daughter colonics. Microscopically, marked pleomorphism was obscn'cd. These 
were the only indications of dissociation. Subcultures reverted to smooth tj^jcs. 
Conclusion — the four freshly isolated strains of streptococci obtained by blood 
culture from acute rheumatic fever remained virulent, smooth and stable for five 
months. Elements of dissociation in the strains arc suggested by pleomorphism and 
by occasional SR colonies. Prolonged cultivation witli loss of virulence may induce 
dissociation. 

Rheumatic Manifestations in Subacute Bacterial Endocarditis in Children. Otto 
Saphir, M.D., and S. M’ilo, r^l.D., Chicago, 111. See page 2D. 

A Clinical Conception of Rheumatic Heart Disease. Samuel A. Levine, M.D., 
Boston, Mass. Sec page 2G. 

Clinical and Pathological Study of One Hundred Cases of Mitral Disease. Charles 
S. Slone, I^LIX, and Harold Feil, M.l)., Cleveland, Ohio. See page o3. 

A Patliologlcal Study of the Relationship of Auricular Pibrillation to Mitral Steno- 
sis and Certain Rheiunatlc Tissue Changes. Clarence do la Chapelle, M.D., 
In'ing Graef, M.D., nnd Antonio Rottino, M.D., New York, N. Y. 

^VBSTRACT 

One hundred and eleven rheumatic hearts, obtained at necropsy in the past 13 
years from the Third (N. Y. U.) Division of Bellevue Hospital, were examined. 
Forty-one were from patients who had established auricular fibrillation and 70 from 
patients who had sinus rlndlim. The grade of stenosis was estimated as severe, mod- 
erate, or mild. Evidence of rheumatic inflammation was based on macroscopic exam- 
ination in all and microscopic in SO. Blocks were taken after the method of Gross and 
Antopol. Of the 41 eases of fibrillation, 27 were over 40 years of age. Of the 70 
eases of sinus rhythm, 2S were over 40. The grades of stenosis bore no relationsliip 
to the rhythm. Rheumatic inflammation was present in all cases of fibrillation under 
40 years, and in only one-third of the eases over 40, independent of the grade of 
stenosis. This indicates that age may be a determining factor for the appearance of 
fibrillation in older subjects. In the sinus rhythm group, activity was present in 
30 of the 42 cases under 40 years; and in 12 of the 28 cases over 40. Of the 
associated cardiac lesions, tricuspid stenosis occurred more frequently in the fibrilla- 
tion group. Other lesions were uniformly distributed in both groups. 

Paroxysmal Pulmonary Hemorrhages: The Syndrome in Young Adults With 
Mitral Stenosis. B. S. Oppenheimer, M.D., and Sidney P. Schwartz, .M.D., 
New York, N. Y. See page 14. 
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Emljolic Manifestations in Rheumatic Heart Disease. Soma "Weiss, M.D., and 

David Davis, M.D., Boston, Mass. Sec page 45. 

Electrocardiographic Findings in Experimental Pulmonary Embolism. John P. 

Anderson, M.D., Cleveland, Ohio. 

ABSTRACT 

An ante-mortem diagnosis of pvilmonarj' embolism is comparatively rare while 
post-mortem diagnoses of this condition are comparatively common. There are three 
causes of emboli: (1) rheumatic hearts which develop intracardiac thrombi; (2) 
coronary thrombosis with mural thrombosis; (3) thrombosis or thrombophlebitis post- 
operative Or otherwise in the peripheral venous circulation. One is sometimes at a 
loss to explain why a patient with rheumatic heart disease suddenly starts having 
more trouble than formerly or why the usual dosage of digitalis no longer seems to 
control the ventricular rate in cases with auricular fibrillation, or why patients 
suddenly develop acute attacks of pulmonary edema. Pulmonaiy embolism always- 
has to be thought of in such cases. Similarly cases arise when a differential diag-, 
nosis has to be made between coronary thrombosis and pulmonary embolism, and 
two years ago a case arose which showed fairly characteristic electrocardiographic 
evidence of coronary thrombosis and that along with fever, leucoc}’tosis, shock, 
reduced blood pressure, and a questionable friction rub made the diagnosis of 
coronary thrombosis seem fairly definite. At autopsy no evidence of coronary 
thrombosis was found and an extensive pulmonary thrombosis was apparently 
responsible for these signs. It was then decided to produce some pulmonary emboli 
experimentally and to observe the electrocardiographic changes produced. Several 
dogs were used and fairly consistent results obtained. These included tachycardia 
with disturbance of S-T segments with inverted T-waves. Coronary T-waves were 
encountered orrly once. The work will suggest a rather more rigid requirement for 
the electrdcardiogiaphic diagnosis of coronary thrombosis but whether the tracings 
are sufficiently differentiated to warrant electrocardiograpliic diagnoses of pulmonary 
embolism is uncertain. (Lantern slides showing serial electrocardiograms were 
demonstrated.) 

The Heart in Rheumatic Fever and Rheumatoid (Infectious) Arthritis. Arthur 

M. Master, M.D., and Hariy L. Jaffe, M.D., New York, N. Y. 

ABSTRACT 

This investigation continues a study* to distinguish between rheumatic fever and- 
rheumatoid (infectious) arthritis. Daily electrocardiograms have now been taken 
on 63 patients suffering from acute rheumatic fever and on 46 patients with rheu- 
matoid (infectious) arthritis. Evidence of myocardial damage was present in 100 
per cent of the patients with rheumatic fever as evidenced by auricular fibrillation, 
auricular flutter, auriculo-ventricular conduction defect of more than 0.22 seconds, 
heart-block with dropped beats, RS-T changes, T-wave inversions in leads I and II. 
There were many abnormalities such as sino-aurieular block, premature beats, nodal 
tachycardia, interference of sinus and A-V nodal rhythms. Not one of the 46 cases 
of rheumatoid (infectious) arthritis presented any of these abnormalities. In 5 
cases the P-R interval reached 0.21 seconds, in one it measured 0.22 seconds. In 4 
patients the T-waves were flat (iso-eleetrie), once in lead I and thrice in lead III 
but not in a single instance was the T-wave inverted. In one patient there was a 
questionable reduction in voltage of the QRS group. Electrocardiographic evidence 
of myocardial involvement seems to be of real value in distinguishing rheumatic fever 
and acute rheumatoid (infectious) arthritis. 

•Rlieuniatoid (Infectious) Arthritis and Acute Rheumatic Fever. J. A. M. A. C3: 
8S1, 1932. 
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Lesions of tho Kidney Associated With Bhcnniatic Heart Disease. Ann i^tirdy. 

San Finncisoo. Cal. 

ARSTRACT 

Tills ariicle reviews briefly llie litorainre in wliieli Iciflncy (li.sease has been vc- 
poried as occurring in the cour.«o of rheiinmtic heart disease. The author adds 2 
eases of her own of hematuria in acute rheumatic fever in which the urine sediment 
did not return to normal in convalescence. Ko ea.«e is reported in whicli the kidney 
findings did not antedate salicylate therap.v. This is followed by a survey of the 
heart and kidney findings in a selected grou]i of cases seen in cardiac clinics in 
San Francisco where rheumatic fever is said to be modified by climate. Tlic cases 
were not selected aliihabetically or chronologicall.v; the families with 'Meads'- 
were surveyed first. The crosssection of the group is in jirocess. Some of these 
cases are pedigreed rheumatics, some are early and the diagnosis is ojien to question. 
All were studied in their family groups. A groiqi of tonsillitis cases is reported. 
This group has been retained in the cardiac clinics by reason of their having been 
seen in an acute tonsillitis, or its allied diseases, or because they give a convincing 
historj’ of them. They arc being ])eriodically scrutinized for the alleged sequelae. 
TIic pathological findings in tlie kidneys of patients dying of rheiiniatic heart disease 
and the pathological findings in the hearts of patients dying of nephritis are given. 
The clinical data are put forward for what they arc worth, claiming not complete- 
ness, but timeliness. Tliis article does not coiieeni itself with the bacteriological 
considerations of these diseases and makes no etiological claims. 

Skin Lcsioms in Erlieumatic Fever: Observations on the Predominating Signs of 
Active Rheumatic Fever During a Ward Epidemic. William Chester, i^f. D., 
and Sidney P. Schwartz, M.D., New York, N. Y. 

ABSTRACT 

Skin manifestations have not received the attention they deserve as signs of 
activity in rheiiniatic fever. Tn a ward epidemic of this disease observed at the 
^rontofiore Hospital during the months of March to November, Ifl.'ll, 10 of 21 chil- 
dren showed .skin lesions as the predominating sign of a recurrence or exacerbation 
of rheumatic fever. Tliese lesions were most prevalent during August and September 
of that year and they occurred in crops. They appeared mainly on the lateral sur- 
face of the legs and the extensor surface of the forearms. They were rarely seen 
oil the anterior tnink of tho body. The regions about tho joints were seldom in- 
volved. Their color was bluish, they wore not tender, and varied in size from a 
lemon seed to a hazelnut, l^lost often they appeared as maciilo-pajnilar purpuric 
spots and persisted for from 1 to G months. Tn fading away very gradually, they 
underwent the jiigmentary changes seen in subcutaneous hemorrhages with extravassa- 
tion. No scarring or dosquaniation was seen to follow their disappearance. A total 
of 22 crops of skin lesions were studied in these 10 children. In 19 instances, an 
increased heart rate was an accompanying sign. Fever was jircseut in a mild form 
on 13 occasions. .Joint and muscle pains, choreiform movements, epistaxis, and 
congestive heart failure were each jiresent in 2 instances. Hematological studies 
.showed a persistent secondary anemia in all cases, a leiicopenia and a positive 
Shilling count in 2 cases, and a transient thrombocytopenia and a positive tourniquet 
test in only one case. In one instance the P-R interval was iirolonged. The aii- 
pearance of skin lesions in children who have already had rheumatic fever should 
be considered as much a sign of reactivity as any other criterion accepted to date. 

Incidence and Clinical Notes of Rheumatic Heart Disease in Southern Florida. 
E. Sterling Niehol, M.D., Miami, Fl.a. See page G3. 
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Convalescent Care of Cardiac Children. Hugh McCulloch, M. D., St. Louis, Mo. 

ABSTRACT 

When the course of rheumatic heart disease shows progressive improvement, the 
management of the patient must be adjusted to the changed conditions, so that 
further improvement is favored and any relapse is prevented. This management 
is always to be adjusted to the individual circumstances and only general indica- 
tions can be discussed. Progress w’ill be determined by: (1) the type of response 
shown by the patient during the attack of rheumatic fever and heart disease; (2) 
the severity of the cardiac injury; (3) the number of preceding attacks; (4) the 
age of the patient. Useful signs of progress arc: gain in weight, steady heart rate 
and body temperature, and physical signs in the heart of improvement. Influence 
of seasonal tendency to recurrence. Discussion of institutional convalescent care and 
relationship of cardiac child to school. 

The Course and Prognosis of Ehciunatic Fever and Chorea. T. Duckett Jones, 

M.D., and Edward P. Bland, M.D., Boston, Mass. 

ABSTRACT 

The House of the Good Samaritan, Boston, Massachusetts, has since 1921 de- 
voted a large number of beds to the hospital care of patients with rheumatic fever 
and chorea. In 1930 with the organization of a Research Department, an attempt 
was begun to assemble complete records and careful follow-up studies on those pa- 
tients. With the cooperation of the large general hospitals of Boston and the 
institution of 2 weekly Out-Patient Clinics at the House of the Good Samaritan, a 
large amount of data has been assembled. A group of 1000 consecutive cases has 
been analyzed in an attempt properly to evaluate the life cycle of rheumatic fever 
and the resultant heart disease. The brief analysis here presented concerns itself 
largely with the frequency of the signs and symptoms of the disease, the frequency 
of reinfections, the importance of respiratory infections in connection with the 
disease, the seasonal and annual incidence, and prognosis. 

Discussion 

Discussion of paper by Dr. McEwen. 

Dr. Arthur M. Master, New York, N. Y. — Are the refractive bodies in the cells 
or in the granules seen in the neutral red stain diiferent in the subcutaneous nodule 
of rheumatic fever and rheumatoid (infectious) arthritis? 

Dr. McEiven . — In the nodules studied there tended to be more of the spindle- 
shaped cells in those from patients rvitli rheumatoid arthritis, and such nodules not 
infrequently contained cells showing refractive bodies of larger size than any seen 
in cells from rheumatic nodules. 

The majority of cells, however, were essentially the same so that one would have 
been unable to say, from examinations of individual cells, which type of lesion they 
came from. None of the characteristic cells from either type of nodule contained 
bodies which stained with neutral red. 

Discussion of paper by Dr. Jordan. 

Dr. A. G. Young, Boston, Mass. — Dr. Jordan’s paper and the microscopic sec- 
tions he has just shown do not convince me that he has ruled out the possibility of 
an allergic reaction in rheumatism. His slides show the usual inflammatory reac- 
tion to a chemical irritant. This does not coincide with the findings made by Dr. 
McMahon and myself in tissues taken from rheumatic fever and infectious arthritis 
patients. In the early acute stage one finds a flaky fluid exudate in the joint cavity 
containing few cells whereas the periarticular tissue is the seat of an acute inflam- 
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nialorv edema. The membrane is swollen, thiclccncd and covered with a delicate 
fibrinous coatiii"'. The villi are Ihiclvened and the capillaries arc markedly affected. 
Microscopically one finds synovial cells forminp; a thickened somewhat palisade-like 
wall. Tliero arc minute foci of necrosis, bordered by degenerating colls. The villi 
arc enlarged, the connective tissue is edematous and infiltrated with few polymor- 
phonuclear leucocytes and lymphocytes. In the deeper surrounding connective tissue 
Aschoff bodies may be found. I realize the diflicultj' in showing the entire path- 
ological picture by lantern slides, but from what I have seen and from what Dr. 
Jordan has described I cannot tigree that he has reproduced the rheumatic fever 
type of .ioint reaction by his cliemical irritants. 

Dr. M. II. Dawson, New York, N. Y. — It is very interesting to leani that Dr. 
.Iordan has been able to reproduce with nonprotcin substances the same type of 
lesion which Klinge produced by scrum injections in sensitized animals. However, 
there is a doubt in my mind e.s to whether the lesions produced by Klinge and by 
Dr. Jordan arc the snine as those which occur in rheumatic fever and rheumatoid 
arthritis. The type of reaction in the naturally occurring diseases possesses cer- 
tain rather distinctive characteristics which I do not believe have as yet been pro- 
duced experimentally. 

Dr. Jordan . — I hojic that I have made clear that these findings arc not an argu- 
ment against allergy as the cause of rheumatic fever. Tlic fact that a chemical 
irritant can produce pathological changes so similar to human arthritis is, how- 
ever, an indication that gicat conservatism should bo used in arguing by analogy. 
The palisading which Dr. Young mentioned does not seem to be a characteristic 
feature cither of human synovia in arthritis or of the chemical synovitis. 

Discussion of paper by Drs. Jones and McBrooni. 

Dr, Jones . — All students of rheumatic fever heartily agree that the disease is a 
general one, and the concentration of attention on respiratory infection and throat 
cultures docs not in any way indicate that I am unaware of this important feature. 
The careful study of a large control series would be very valuable. The frequency 
until which hemolytic streptococci arc present in the throat in normal persons dur- 
ing respiratory infection has not been suflicicntly well observed. It may be \Yell to 
stress the fact that recurrences of rheumatic fever occur in the absence of irreccding 
respiratory infection, and that recurrences may help us to evaluate possible etiological 
agents. 


Discussion of paper by Dra. Howell and Burton. 

Dr. M. n. Daivson, New York, N. Y. — In a recent study of bacterial dissociation 
of Streptococcus hcmolyticus we have been able to obtaui quite similar types of 
colony variants. In our experience there is always a close relationship between col- 
onial morphology and the morphology of the individual organisms constituting the 
colony. 

Discussion of paper by Drs, Sapbir and Wile. 

Dr. Wm. Ihalhimer, Chicago, HI. — In spite of the diversity of opinion about 
rheumatic fever there is one point on which all investigators rvill agree; the cause 
of this disease has not been unquestionably established. Studies of rheumatic fever 
in recent years have concerned themselves chiefly with two subjects: The origin, 
nature and significance of Aschoff bodies — and the possible etiological relationship 
of streptococci to this disease. Thayer, in one of the last articles he published, 
stated that “streptococci have not been proved to bo the cause of rheumatic fever.” 
No new or conclusive evidence has been brought forward since Thayer’s article. 
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The conception of the streptococcal cause of this disease, as a matter of fact, is not 
new, dating back to Poynton and Paine, and even earlier. The ease with which 
these workers recovered streptococci in blood cultures (in one instance by culturing 
two drops of blood from the ear into a flask of broth) is in striking contrast to the 
difSculty more recent workers have had. Poynton and Paine also believed, as some 
still do today, that subacute bacterial endocarditis is a malignant form of rheu- 
matic fever. 

At present there are two schools. One believes that streptococci are the direct 
cause of the disease and of the pathological changes found. Tlie other believes that 
the same, or similar streptococci firat cause an allergic condition and later stimu- 
late repeated allergic responses which constitute the disease rheumatic fever. 

The first group have recovered slow growing green or indilTcrent streptococci 
from the blood of about 60 to 70 per cent of the febrile patients studied, and these 
positive blood culture results decreased rapidly with the decrease and disappearance 
of fever. Nevertheless, the control grouj) of blood cultures were taken on afebrile 
patients ■nuth other diseases. Surely a control group must be chosen as carefully 
as the experimental group, and one worker has secured streptococci in a large per- 
centage of blood cultures from febrile, non-rheumatic patients.* 

It is not my purpose to give the impression that cultivating these streptococci is a 
simple, easy job. It requires infinite care and excellent bacteriological technic. But 
Eeith and Squier,t with a similar technic have recovered streptococci from a not 
insignificant number of apparently healthy individuals, who were well enough to 
carry on hard manual work. 

Today, the recovery of an organism from the blood of a patient is not sufficient 
evidence that this is the cause of the patient’s disease. Other criteria must bo 
satisfied, even more today than when Koch announced his postulates. If strepto- 
cocci cause rheumatic fever, we would expect to find them in appreciable numbers 
in the acutely and severely damaged heart valves and myocardium in this disease. 
I have never been able to find them at all, and cannot believe that an occasional 
coccus or diplococeus found, and then only- after most careful and extensive search, 
can have any real significance. In other mortal, and less mortal, streptococcal dis- 
eases there is no difficulty in demonstrating streptococci in large numbers in the 
lesions. 

Those who propose the streptococcus allergic theoiy as the cause of rlieumatic 
fever cannot be right if streptococci are present in the blood stream of these 
patients, since they have shown experimentally that streptococci introduced into the 
blood stream destroy the previously developed allergic condition. Also, they have 
not been able to terminate the allergic state in human beings; i.e., the disease, by 
the intravenous injections of streptococcus vaccines. They believe that rheumatic 
fever develops at times into subacute bacterial endocarditis and 'with this the 
allergic state changes to a condition of immunity. Since individuals with this last 
disease almost invariably die, they can only be considered immune in a sense differ- 
ent from the usually understood meaning of immunity. Also, the presence of 
agglutinins in the blood does not indicate immunity (resistance to disease) any 
more than does the presence of complement-fixing bodies. The allergic theorists 
claim that they have produced Aschoff bodies in animals by means of repeated 
shocks caused by streptococci. This is doubted by some of us and brings np the 
dangerous question of the specificity and origin of these peculiar and interesting 
human lesions. 

*Smce this discussion was presented an important article has appeared. May G. 
Wilson and Helen Edmond in the American Journal of Diseases of Children, page 1237, 
June, 1933, report the recovery of the same types of streptococci from blood cultures 
from’ ‘Children with rheumatic fever and from a control group either apparently normal 
or with non-rheumatic types of disease, the percentage of positive streptococcus blood 
cultures being about the same in each group. 

tJ. Infect. Dis. 51: 336-343, 1932. 
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I do Jiot ])olii’V(' tlijil. tlioso ]>rohlouis ciin bo solved willi our jU'CSOiit knowledge 
and background. Now nu'tliods or now inatorial, or both, will bo noce.ssaiy. Some 
of ns boliovo that AsoholV bodio.s have poonliar p.lmrac.teristics (wliio.li can be 
do.scribcd and domonstr.atoil) ditroront from any oxporimonliil Ic.sions which have 
been |)vod\icod. Otluns boliovo the contrary and nf'ithor can be convinced of the 
o])pnsiti' jioijit of view. Manifi-slly. no ]>rogri's.s can b(' made under these condition.s. 

Tho (luostiou of the spocilioity of AschotT bodies for rhoumiitic fever is in the 
.same ,'^ituation. .Since it is well known that attacks of rhouimitic ciivditis can occur 
without any of tho rocognizod signs of rhounmtic fever, and therefore tho.se attacks 
can oven be subc.linical and not rocogni/.od — tin; more absence of a history of rheu- 
matic fever dot's not prove that this di.'-oaso did not afilict the patient. The associa- 
tion (tf Aschoff bodies witii gross cardiac lesions recognized as those of rheumatic 
fever outweighs, in my opinion, tho arguments for the non-.sjiecificity of those bodies. 

The gross ondocaitlial and cardiac lesions of rheumatic fever are so different 
from those of subacute bacterial endocanlitis that it is dillicult to b(!licvc that these 
two diseases can bo causally related. Kven if one believes that .some of the 
mim'oscopic ondoc:irdial lesions of the two “conditions" are similar, it seems to me 
that more than a similarity of inllammatory reactions is necessary to prove the 
same etiologw for tiie Ino diseases. One iilnstratiou is snflicient ; many cause.s of 
enccjihalitis are iccognized, but the enci-phalitic lesions caused by the different 
agents aie so similar that one cannot determine cause from examination of tho 
lesions. 

The nature of the onset of rheumatic fever, the recurrence.^, the holding on and 
never letting go of the disease rheumatic fever, the peculiar and characteristic 
nature of the gross and microscoi>ic cardiac lesions, make mo think that this 
disease is not bacterial in origin but that its causative agent is more likely to bo 
virus or protozoal in natuie. Tins coiicejUion is not new but it .seems to me is 
worth reviving. Others have scaiched for a jnotozoau or virus cause of rheumatic 
fever without .success and 1 also have unnle unsuccessful searches for unknown 
organisms in c.ardiac material from riieumatic fever. This is a diflicult search but 
it still interests me and perhaiis may interei^t some of you. 

Dr. Emamid Lihinav, New York, N. Y. — To my mind, Dr. Thalheimer has not 
chosen well in drawing a comparison between the non-hemolytic streptococci found 
in ca.«cs of rheumatic fever ami tlie bacillus typhi-e.xanthematici, in connection with 
drawing conclusions as to the etiological significance of the streptococci. It is well 
known that there is much risk in drawing inferences from comparisons of the 
biological chariicter of organisms and the immunological rc.sponses to them. In 
this particular instance the risk is much greater. The streptococci that have been 
found in the cases of rheumatic fever are al.«o present in the blood of a great 
variety of other conditions. The bacillus typhi-exanthcmatici (a pure anaerobe) has 
been isolated only in cases of typhus fever. Similarly, complement-fixation reactions 
with this organism have never been demonstrated in the blood of any other diseases, 
whereas complement fixation against non-hemolytic streptococci is found in many 
other conditions and in rheumatic fever. Of interest also is the fact that the 
above mentioned bacillus was found by Olitsky in abundance in the intestinal con- 
tents of infected lice. That tho organism has a definite relationship to the disease is 
evident, but its exact role is as yet undetermined. Much more could be added in 
this connection, but I have stated enough to indicate that the comparison which 
has been made is not of any definite aid to us. 

I have not made this statement because I am convinced of the etiological 
significance of streptococci in rheumatic fever. On the other hand, I have alwaj's 
felt that tlicre is no binding evidence of such a relationship, klany years ago, like 
some others, I pointed out that the etiological agent might not be one of the ordiuajy 
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bacteria — and perhaps not be in the bacterial group at all. It •would take up too 
much time to discuss this subject fully. I have elsewhere taken it up and have 
shown that the non-hemolytic streptococci are ubiquitous and may invade the blood 
in practically any disease. 

It has long been known that subacute bacterial endocarditis occurs mainly on 
the basis of valvular defects of rheumatic origin, commonly in congenital defects, 
much less often in connection with luetic or atherosclerotic lesions, and that oc- 
casionally an apparently normal valve is affected. Notwithstanding the great 
frequency of the infection in valvular defects of rheumatic origin there is no evidence 
that the two diseases have a similar etiology. Like Drs. Saphir and "Wile, I believe 
that other factors, particularlj- of a mechanical kind, play a decisive role. 

I long ago noted combinations of active subacute bacterial endocarditis and 
recent rheumatic infection. Fresh Aschoff bodies wore found in cases of active 
subacute bacterial endocarditis, and they were also encountered in the myocardium 
in cases of old valvular defect in which histological examination showed only old 
fibrous and calcareous changes and no evidence of active rheumatic infection. Fresh 
Aschoff bodies may even be found in combination with subacute bacterial endo- 
carditis in the bacteria-free stage. 

In this connection the paper of Drs. Saphir and Wile is a striking contribution. 
As they say, these observations must be taken cognizance of, in connection •with any 
immunological conceptions concerning rheumatic fever. 

Not only may recent Aschoff bodies be found in cases of active subacute bacterial 
endocarditis, but even active rheumatic valvular involvement. Thus I have reported 
a case in which there were present active rheumatic endocarditis of the aortic cusps 
and the posterior mitral flap, and recent subacute bacterial endocarditis of the 
anterior flap. I have also observed the following combination: recent rheumatic 
endocarditis of the aortic cusps, subacute bacterial endocarditis of both mitral flaps, 
and recent rheumatic endocarditis of the left auricle, on top of part of which was 
implanted a fresh attack of subacute bacterial endocarditis. 

In regard to the role of focal infections, especially tonsillar infection, some 
clarity may perhaps be obtained by reference to a hypothesis which I have been 
recently foimulating. According to it — in brief — any toxic focus may cause hy- 
peremia and edema in various tissues of the body, and particularly in those 
previously affected by any infection (or intoxication), or metabolic disturbance. Ac- 
cording to this idea, an infected tonsil, for example, can cause an activation of 
joints previously affected by the rheumatic virus. It is perhaps in this way that we 
can explain at least some of the beneficial results as regards articular involvement, 
that have been attributed to tonsillectomy. It is also permissible to consider that 
a pre^riously diseased valve (or even a normal one) may repeatedly react to toxic 
foci by hyperemia and swelling. In that way recurrences might be set up, and 
fibrosis eventually increased. Every attempt must be made to eradicate all toxic 
foci, apart from a consideration of their harboring the actual rheumatic agent. 

There is evidence that valves may become the seat of acute or subacute bacterial 
endocarditis in more than one way. It is difficult to say definitely wliich comes into 
play more often, embolism of the valve or implantation from the general blood 
stream. It is not easy to conceive tliat the infection is brought about by separate 
organisms floating in the blood. Perhaps the studies of Bull may be applicable here. 
He found that when bacteria are injected into the circulation, agglutination pre- 
cedes their destruction. 

Dr. Arthvr M. Master, New York, N. Y. — In a discussion of the time relation 
between the appearance of subacute bacterial endocarditis and the preceding attack 
of rheumatic fever there are cases in which subacute bacterial endocarditis suddenly 
appears during the course of an attack of acute rheumatic fever. A boy of M 
years and a young adult of 21 both were admitted to the hospital suffering from 
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active rlicuinatic fever with an acute polyarthritis; no pctechiac were present, urine 
and blood cultures wore nepiative. "With the development of an aortic diastolic 
inunmir a subacute bacterial endocarditis became evident, — petechiae ai>pearcd, red 
blood cells were found in the urine, splenic infarcts were noted, blood cultures were 
positive. Both imticnts died and the diagnosis of subacute bacterial endocarditis 
cngrfiftcd upon previous rheumatic lesions was substantiated in each case. 

Br. Currier ^fcEieni, New Yorh, N. Y. — It docs not seem to me that the presence 
of Aschotr bodies in the hearts of children dying of bacterial endocarditis is 
suflicient, in itself, to disprove the theory that rheumatic lesions arc produced in 
tissues hypersensitive to streptococci while those of bacterial endocarditis occur 
only in the presence of circulating antibodies; because in rabbits rendered hj'per- 
sensitive to streptococci, circulating antibodies against the same microorganisms can 
be quite regtilarly demonstrated. It may still bo true that, while the typical rheu- 
matic response is based upon hypersensitivity and the typical lesions of bacterial 
endocarditis are associated with circulating antibodies, patients in transition from 
one state to the other may show lesions of both types. Of course, too, it is doubtful 
whether one can tell the ago of Aschoff bodies in a given instance, so that when 
found in hearts of children dying of bacterial endocarditis, such Aschoff bodies may 
bo merely evidence of recent rheumatic carditis. 

Dr. Samuel A. Levine, Boston, Mass. — The finding of simultaneous evidence of 
rheumatic heart disease and subacute bacterial endoctirditis in these cases does not 
militate entirely against the conception that tiierc is some antagonism between the 
two states in adults. I believe that there is suflicient clinical evidence from a large 
series of cases of subacute bacterial endocarditis observed in adults to warrant the 
general conception that certain types of rheumatic heart disease are more and 
others are less likely to develop subacute bacterial endocarditis. It is rarely seen 
in patients who have had previous congc.stivc failure or who have had auricular 
fibrillation. It occurs most commonly in those who arc in fairly good health and 
who arc comparatively free from rheumatism. 

Dr. T. Duclccit Jones, Boston, Mass. — I should like to call Dr. IVilo’s attention 
to the ideas of Dr. Ronald T. Grant of London, England. In a recent series of 
lectures on “TIic Pathologj- of Endocarditis" delivered in this country. Dr. Grant 
stressed the probable role of platelet thrombi on valve surfaces as offering a good 
nidus of growth for bacteria, and a logical forerunner of bacterial endocarditis. 
Should thrombi be present and not too well organized, a transient blood stream 
infection would be all that is necessary for the development of bacterial endo- 
carditis. Experimental proof of this may be forthcoming. It offers a logical ex- 
planation for many clinical and pathological features. 

Dr. SapMr . — In answer to the remark that allergy is a biologic phenomenon, very 
intricate and difficult to understand, and that it should not be nilcd out too soon 
as the underlying factor of rheumatic fever, I should like to say that just because 
it is so intangible it should not too readily be used as an explanation of a disease 
such as rheumatic fever. We must maintain that at the present time the cause of 
rheumatic fever is not known. On the other hand, we do believe that the Aschoff; 
body is a specific granuloma caused by the unknown virus of rheumatic fever. 
Nodules have been produced experimentally which some observers hold identical to 
Aschoff bodies. We must emphasize, however, that none of the published illustra- 
tions are typical of Aschoff bodies. Since we believe that Aschoff bodies have not 
been produced experimentally, we have no right to assume that we know the 
etiology of rheumatic fever. It might very well be that our findings substantiate 
Dr. Libman’s theory that a streptococcus bacteremia may lower the resistance of 
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patients who have had a quiescent rheumatic infection, reactivate the rheumatic 
infection and hence explain the finding of recent Aschoff bodies in cases of subacute 
bacterial endocarditis. 

Discussion of paper by Dr. Levine. 

Dr. L. Liclitwits, New York, N. Y. — The relationship of ' the endocrine make-up, 
i.e., the constitution, to rheumatic fever -vs’as recognized by the older generation of 
physicians, and is occasionally taken up in recent publications. The study of this 
question, however, has been almost entirely crowded out by-, the concentration of 
investigative work on the infectious side of the disease. 

A mere reference to the incidence of chorea and of nodose rheumatism in the 
female sex, indicates the importance of the subject. But even apart from this 
easily recognizable endocrine relationship, there is a close connection between con- 
stitution and rheumatic fever, one of the striking facts being that the kind of 
rheumatic iirfection from which a person suffers is determined by the constitution. 

From a broad clinical point of view, there are two kinds of rheumatic fever. 
The first is characterized by marked articular swellings, frequent cardiac involvement, 
rheumatic cutaneous changes, and alterations of the walls of the capillaries. There 
is but little tendency for the joints to become stiff, and anti-rheumatic medication 
has a marked influence. In the second type there is absence of joint swelling but 
a great tendency to stiffness, and absence of cardiac and cutaneous changes. ' This 
kind of rheumatic fever is resistant to anti-rheumatics. The first form is en- 
countered in young people with a thyroidal constitution, and the second, in individ- 
uals of pyknic constitution. 

Now the place of attack of every anti-rheumatic (analgesic, anti-pyretic) is the 
midbrain. It is certain that the hyperpyrexial form of rheumatic fever is a cerebral 
condition, with especial evidences of affection of the niidbrain. The sweating of 
rheumatic fever, that occurs independently of use of medication, also signifies an 
involvement of the niidbrain, just as oily skin and sweating do in eiiidemic en- 
cephalitis. 

The midbrain is the most important regulator of every vegetative function — it 
is the most reactive and vulnerable part of the whole body. Fever and other 
phenomena of infection are evidences of this reactivity. Fever is significant of a 
regulating and defensive mechanism of the whole organism, just as local allergic or 
infiammatoiy phenomena are for a part of it. 

"We have been influencing the relationship and dependence of allergic reactions 
(of different kinds and degrees) to the midbrain and the neuroendocrine pattern — 
a question which is also of therapeutic importance. 

Dr. B. S. Oppenheimer, New York, N. Y'. — We have noticed a more than 
accidental association of rheumatic endocarditis, and also choreiform movements, 
and Graves’ disease. The choreiform movements were much more marked than the 
gross muscular tremor or the exaggerated skeletal muscular movements which are 
observed at times in active Graves’ disease. There appears to be some relation be- 
tween Graves’ disease, which manifests symptoms of endocrine disturbance, and the 
rheumatic group. The mechanism is not clearly established, but experience with 
instances of neurogenic Graves’ disease has directed our attention to the sympa- 
thetic centers in the brain, and suggests that the common factor in the choreiform 
manifestations and Graves’ disease may be found in the diencephalic centers which 
have just been discussed by Dr. Lichtwitz. 

Dr. Emamtvl Libinan, New York, N. Y. — The subject introduced by Dr. Levine 
is surely one of real importance and interest. Some years ago I drew attention to 
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the appru'i'iit relationshiji tif rhcuiualic fever and so-called status lyiuphaticus. A 
point Avorth followinf;' up is an apparent tendency for the occurrence of warts on 
the hack of larp’ flat hands of certain male adolescents having or developing aortic 
insuiliciency. 

Sonic years ago a ratiier elahorate jiaper was published in the ll'tciirr Archiv fiir 
l:linischc by llaininerschlag, dealing with the constitutional disposition to 

rheumatic fever. It is worthy of study for its suggestive content. 

Discussion of papers by Drs. Stone and Fcil; Drs. do La Chapello, Graef and 
Eottino; and Drs. Oppcnlieimcr and Schwartz. 

J)r. Louis F. JUshop, .fr., New York, X. V. — 1 sliould like to know the frequency 
with which hypertension was associated with mitral stenosis in the scries of cases 
reported by Drs. Stone ami I'eil. 

Dr. Fmauurl J.Uiuutn, Xew York. X. Y.--lIcmoptysis in connection with cardiac 
disease needs much further stmly. l-Xeii a comparatively short study of the subject 
will makt' it clear that other factors apart from those of a mechanical nature must 
often play a role. In the course of a jcijicr imblished in .1918 I went into this 
aspect of the subject. In fmir-lifths of case's of suspected infarction, for example, 
only pulmonary ai'oph'xy was found at tlie iiost-mortem ('xamimition. I drew at- 
tention to the importance of studying any temh'ncy to bleed in the patient, and 
showed that this tendency is greater in the presence of hepatic insutliciency due to 
tricuspid disease. 

Durozie/, in 1S7S pointed out that epistaxis and hemopfy.sis may be part of 
rheumatic fever in itself. In 187") he drew attention to hemoptysis in cardiac cases 
as a cainse of menstrual irregularity. Peter made similar observations. 

Of particular interest in the cases reported by Drs. Op]ienhoimer and Schwartz 
arc the remarkable early symiitoms of the attacks. It would be important to know* 
whether they apjieared in the first as well as in later attacks. If they appeared for 
the first time in later attacks they might be attributed to fright and fear. But if 
they occur in first attacks, we have here a clinical picture that, as far as I know, 
has hitherto not been reported. 

Dr. Arthur ^[. Muster. Xew York, X*. Y. — The juesent authors and many others 
have recently given evidence that with good care a patient with severe rheumatic 
valvular disease will go through with pregnancy and labor. This good care usually' 
consists of rest, rest in bod and avoidance of upper respiratory- infection. How- 
ever, although the cooperation between obstetrician and clinician will bring about 
these fine results it must not be forgotten that there may- be a decided after effect 
on the mother. It is my impression that the more pregnancies the patient goes 
through the shorter is her life span. A clinical impression is not a scientific method, 
however, and we arc gathering statistics on this subject. Definite conclusions can 
only be based on a larger series of cases than has been reported. 

Dr. Oppcnlieimcr . — I am obliged to Dr. Libman for calling attention to the work 
of Durozicz on liemoiity-sis and cpistaxi.s. In our paper, it w-as not attempted to 
discuss the whole question of hemoptysis, which of course occurs in a great variety- 
of conditions. There is as yet no consensus of opinion as to the mechanism of 
hemoptysis in these various pathological conditions; for example, the cause of bleed- 
ing in so-called essential hemoptysis and also in essential hypertension is not at all 
clear. We are calling attention to an exceptional group of cases of prolonged severe 
hemoptysis associated with mitral stenosis, with unusual psychogenetie symptoms. 
It will be necessary to look into the individual histories to see, as Dr. Libman has 
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suggested, whether the psychoneurotie symptoms occurred with the very first attack 
of hemoptysis, or whether the initial hemoptysis started an anxiety neurosis which 
accounted for the nervous symptoms which initiated or preceded subsequent attacks 
of bleeding. 

Dr. Fell . — Our cases of mitral stenosis associated with pregnancy are too few in 
number to draw any sweeping conclusions concerning the effect of pregnancy on the 
duration of life. We do believe that pregnancy is well tolerated by the majority of 
patients with mitral stenosis. 

Discussion of paper by Doctors Weiss and Davis. 

Dr. Lewis A. Conner, New York, N. Y. — ^In connection with this interesting study 
of the embolic phenomena in rheumatic heart disease it is well to emphasize the 
need for prompt diagnosis and prompt operation in cases of embolism of the large 
arteries of the extremities and possibly also of the pulmonary artery and the 
mesenteric arteries. The saving of a limb or a life will often depend upon the degree 
of coordination existing between the physician and the surgeon and the promptness 
with which the operation of embolectomy is performed. 

It is well known that the operation offers the best chance of success if done 
during the period of blanching which immediately follows the blocking of the artery 
and often lasts but a few hours. When time has been given for the formation of a 
thrombus distal to the embolus, the outlook is much less favorable. In cases of 
mitral stenosis with auricular fibrillation, wMeh is the condition most likely to be 
associated with such large arterial emboli, this possibility should therefore be 
kept constantly in mind and everything possible done in advance to insure prompt 
action if that should become necessary. 

Dr. Fred M. Smith, Iowa City, Iowa . — 1 should like to ask Dr. Weiss if he has 
observed any relationship between infection and embolic phenomena. In some of the 
cases that we have observed, embolic manifestations seemed to follow a recurrence 
of rheumatic infection. 

Dr. James A. Lyon, Washington, D. C. — I have listened with much interest to 
Doctor Weiss’s analysis of the group of autopsied cases having rheumatic heart dis- 
ease with embolic occlusion. Recently in private practice I have seen two interesting 
cases of embolic occlusion of major arteries of the greater circulation, followed by 
coronary occlusion and death. An embolectomy was performed in each of the two 
eases. 

The first case was that of a white man, twenty-eight years of age, a bank clerk 
by occupation, who had been under my observation for three years because of rheu- 
matic heart'disease, mitral regurgitation and stenosis, congestive failure, and chronic 
auricular fibrillation. Wlrile at work, the patient had a sudden attack of intense 
pain in both groins, causing him to fall suddenly to the floor in a state of collapse. 
A physician who was called diagnosed the attack as neuritis and arterial spasm. 
On the seventh day after this circulatory accident, the patient was seen by Dr. 
Philip O. Pelland, an orthopedic surgeon, who found an entire absence of circulation 
in both legs. The patient was then admitted to Garfield Hospital where I saw him 
in consultation. It was evident that the initial attack had been caused by a saddle 
thrombus at the bifurcation of the abdominal aorta, which later on became dislodged 
and divided, entering the common iliac arteries. The following day, eight days after 
the initial attack, an embolectomy was performed by Dr. Harry Kerr, staff surgeoiu 
Circulation was re-established in both legs. Unfortunately, on the day following the 
operation and again a week later there were evidences of fresh arterial occlusions. 
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smil both legs again became cyanosed and the femoral arteries pulseless. A second 
cmbolectomy was x’crformcd by Doctor Kerr. A clot seven centimeters in length 
was successfully removed from the right femoral arteiy, reestablishing the circula- 
tion, but the attempted removal of the clots from the left femoral was unsuccessful. 
The patient continued to have repealed embolic deposits in both fcmorals, and 
twenty-live days after the initial attack both legs were amputated above the knees. 
One wcciv following the amputation, the xmtient suddenly died of coronary throm- 
bosis. At autopsy the orifice of the right coronary artery was found completely 
occluded by a large thrombus. 

In the second case the patient, a retired white man seventy-five years of age, 
had arteriosclerotic heart disease and angina pectoris, which had shown increasing 
severity for the past two years. He was under my observation for more than a 
year. Ilis initial attack was accompanied by severe pain in the left forearm. I 
saw him approximately one hour after the circulatory' accident and found that his 
arm from the upper third downwards was pulseless and cold. There was a distinct 
wax-like band encircling the arm about four or five centimeters above the elbow. 
Two hours after the onset of the attack the patient was taken to Garfield Hospital, 
where an cmbolectomy was performed by' Doctor Kerr. Unfortunately', the patient 
suddenly' died of coronary thrombosis before the circulation had been reestablished 
in his arm. 

It is evident from the history of these two eases that an early diagnosis should 
be made and an immediate cmbolectomy should be performed in eases of arterial 
occlusion in the extremities to prevent the possibility of the development of gangrene. 
However, there is ever present the possibility, even after an cmbolectomy, of these 
patients dying of coronary occlusion. 

Dr. Arthur M, Master, New York, N. Y. — The mortality following cmbolectomy 
is high. .lUthough, as Dr. Conner has pointed out, this is in a large measure due to 
delay' in performing the cmbolectomy operation tlicre arc times when conservative 
treatment is indicated. The surgeon should see the patient as promptly as pos- 
sible. "We have recently seen two patients, both women with mitral stenosis and 
auricular fibrillation, recover completely after embolism. In one case there was 
e\’idcncc of a saddle-shaped embolus at the bifurcation of the abdominal aorta and 
the patient’s condition was so ])oor that the surgeon. Dr. Harold Keuhof, decided 
upon conservative treatment. In the other ease the patient had an embolus to the 
right popliteal artery with resulting beginning gangrene of the toe tips, with absolute 
rest and dry heat she recovered completely'. 

Dr, G. Werley, El Paso, Texas. — Jilassage for the relief of arterial embolism is 
a valuable suggestion. This brings up the question of differential diagnosis. I had 
a case in point. A man aged 41 years, had mitral stenosis and for three years the 
heart had been fibrillating, when he suddenly suffered paralysis of his right leg. 
The leg was pale, cold, pulseless and quite painful, and general symptoms of shock 
were noted. Tlie symptoms and signs pointed plainly to embolism and preparations 
were made for cmbolectomy. After about an hour faint pulsations appeared in 
the femoral artery, a distinct thrill was felt and sounds like those heard on taking 
blood pressure were heard. In a short time he was able to move his log and next 
day he could walk about the room. 

Two months later he died suddenly following what we thought rvas embolism at 
the base of the brain. Post mortem examination showed slight atheroma of the right 
iliac artery with some rugation of the intima. Microscopically the intima was 
detached from the subyacent tissues over a small area. There was softening of the 
pons due to complete thrombosis of the basilar artery. There was an ulcerated 
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atheromatous patch at the base of the median mitral leaflet, but no evidence of 
thrombi in the left auricle. 

Before attempting embolectomy, the possibility of intermittent claudication or 
thrombosis should be considered. 

Dr. Weiss. — Dr. Conner’s remarks urging us to recognize embolic occlusions of 
arteries early and to instruct hospital interns for prompt action in calling in a 
surgical consultant are very important. It is also important that every hospital 
should have one or two surgeons specially trained in embolectomy. It is often not 
appreciated that, on the- whole, the performance of the embolectomy over certain 
arteries of the extremities is a relatively simple operation. I also agree nuth those 
speakers who pointed out that not all the arterial emboli of the extremities lead 
necessarily to gangrene. In a certain number of instances, particularly if the 
occlusion is only partial and the rapid organization or recanalization of the embolus 
reopens the circulation, complete recovery follows. As mentioned in the paper, the 
degree of collateral circulation is also a determining factor. 

As to the role of massage in case of embolism, I know nothing. 

We have made a similar observation to that described by Dr. Fahr, namely, that 
at times in a patient who has suffered from auricular fibrillation for many years, 
without obvious reason an embolus develops, and following this at various time 
intervals a number of other emboli occur. Wliile the occurrence of embolism in 
rheumatic heart disease, as well as in arteriosclerotic heart disease, is not rare, it 
is surprising how little these problems have been studied from the statistical and 
clinical points of view. 

Discussion of papers by Dr. Anderson and Drs. Master and Jaffe. 

Dr. Louis N. Katz, Chicago, 111. — The report by Drs. blaster and Jaffe emphasizes 
again the importance of the electrocardiogram in determining heart involvement in 
acute infectious diseases such as rheumatic fever. With the paucity of physical 
findings often present during the active stage of rheumatic fever the study of serial 
eleetrocardiogi-ams should be of great ' assistance in deteimining the presence of 
heart involvement, 'i^'llile physicians have overemphasized the impoifance of the 
electrocardiogram in other conditions, they have erred in the opposite direction in 
acute infectious processes. The electrocardiogram is a very useful adjuvant in 
estimating the condition of the heart in rheumatic fever and should be employed 
oftener. 

The idea presented by Dr. Anderson is an excellent one, but an examination of 
his records fails to prove his point. The electrocardiogram of the patient he 
showed is of the bundle-branch type and is therefore not specific for a recent 
coronary thrombosis, although it maj"^ very well be caused by such a process. The 
changes in the electrocardiogram in his animal experiments are slight and we have 
seen similar changes from day to day in the normal, unanesthetized animal. With 
the evidence at present available I fail to see that the electrocardiogram in pulmo- 
nary embolism resembles in any way the changes seen in recent coronary occlusion. 
I should like, therefore, to emphasize that in differentiating recent coronary oc- 
clusions from allied conditions, the electrocardiogram is one of the most useful fields 
of electrocardiology. 

Dr. M. 3. Dawson, New York, N. Y. — It is very useful from the clinical point 
of view to be able to distinguish rheumatic fever and rheumatoid arthritis so clearly. 
However one point should be mentioned, namely, that the average age of the rheu- 
matic fever patients studied was ten years younger than the rheumatoid arthritis 
group. It is well knomi that the degree of cardiac involvement in rheumatic fever 
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Tsirics with the of onset of the disease. Before definite conclusions are drawn, 
I think it is important tliat the average age.s of the two groups should he com- 
parable. 

Dr. — My cases did not include children. Tlie youngest patient was 

thirteen years of age. I do not know what the same kind of investigation in chil- 
dren would show. 1 must repeal, however, that in adults one tyjie of acute poly- 
arthritis sliows definite evidence of cardiac involvement, tiie other practically none. 

Discussion of paper by Dr. Nichol. 

Dr. J>. Opprnhrimcr, Xew York, X. Y. — The data on rheumatic heart disease 
in Miami jiresenled by Dr. Xichol is valuable, especially to those of us in the Xorth 
who send patients who have suffered from rheumatic fever to the Sontli. It is one 
of the imjmrtant functions of the American Heart Association to stimulate interest 
in collecting facts on the' g('ogra|)hical distribution of heart disease. It is dis- 
appointing to learn that a few cases of rheumatic heart disease have originated in 
Florida itself, even if the jiercentage of such cases among natives is very low. As 
to convalescence, it is worth noting that something may be accomplished, but ap- 
parently only temjiorarily, by sending the cardiac children who live under poor 
hygienic conditions to convalescent homes in the suburbs. I’lie Maty Zinn TIomo 
for convalescent civrdiac children ran for about seven years, ^nst outside Xew York 
City. During their prolonged stay there the children gained in weight and licight, 
and many of them had a healthy color, but on retnniing to their homes in the poor 
quarters of Now Yorlc, they laid about as many recurrences as the children who 
merely went to cardiac clinics, but never had had the opportunity of slaying at a 
convalescent home. 

Dr. T. Duchett Joacw, Boston, Mass. — It has been my good fortune to have been 
as.?ociatod for the past three years with Dr. C. F. Kocho of Miami Beach, Florida, 
in tran.sporting children with rlieumatic fever tind rheumatic heart disease to the 
St. Francis Hospital tit Miami Beach. These children on the wliolc have recovered 
more rapidly in southern Floridti than in Xow England. However, there have been 
recurrences of rheumatic fever among the group in Florida. This has happened 
despite the seeming rarity of hemolytic streptococcus infections in timt vicinity and 
among the group. Dr. Xichol ’s paper is a very interesting one. It would seem to 
me, however, that it would be wise to limit the term "native” to those children 
who have never been out of southern Florida and those who rarely come in contact 
with tourists. "With the largo number of tourists annually, a large portion of the 
native population must come in contact with the causative agent of rheumatic fever, 
whatever it might be. 

Dr. NicJioL — I am glad that Dr. .Jones showed some pictures depicting the 
changed appearance of some of the rheumatic heart children after their stay in 
Florida. The point worth emphasizing, apart from the eitect on the patient, is the 
infrequency of rheumatic heart disease originatinff in Aliami, although some cases 
undoubtedly do arise there. 

Discussion of paper by Drs. Jones and Bland. 

Dr. W. D. Stroud, Pliiladclphia, Pa. — This report by Drs. Jones and Bland of 
their observations upon children and adults with rheumatic fever in Boston, should 
prove most valuable. It is interesting to note that in a similar group of individuals 
suffering from rheumatic heart disease in Bristol, England, Carey Coombs found a 
mortality of 21.4 per cent, while Dr. Jones, I believe, reported a mortality of 21 
per cent. Wc have gained the same impression as that expressed by Dr. Oppen- 
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Smiluer, that tha uiajority of these children, while they are in. our convalescent hos- 
pital, have ijaproveJ quite rapidly but that upon returning to their homo environ- 
ment, they seem tu develop reactivations of their rheumatic fever just ns frequently 
aa children who have not had the care which our hospital affords, i’erhaps their 
reactivations are not as severe, however. 

l)r. IIu</h McCiiUodi, Saint Louis, ilo. — We have studied the subsequent cour.-;c 
of cardiac children who have had convalescent care in an institution. Tho results 
of this study showed that when they were discharged home, many of them showed 
attaelis of rheumatic manifestations that were as frequent, or more frequent, than 
a group of rjieumatic cardiac children who were under observation in the out-patient 
department and who h;id not been admitted to the institution. Our impression in 
tills study was that tlic attacks suffered by the institutional group were shorter and 
less severe than those occurring in the homo care group. We felt the institutional 
group had benelited by the care given them and that they were better able to go 
ihrcugli these recurring attacks. It was very obvious in the study that the follow-up 
care of the institutional group is extremely important; that without strict medical 
and social supervision of the child after ins return home with regulation of his 
various activities, ail the benclits of institutional care would be lost. 

Dr, JoiHS , — [ would agree that the average age of onset of any group of 
patients will varv- eon-'iderubly depending upon the average ago of tho group being 
studied. It might also be pointed out that a satisfactory historj' of onset of 
rheumatic fever is rarely obraiiied from a middle-aged rheumatic. The onset may. 
be so mild as to be completely forgotten even should the patient have been coguj- 
aant of it ut tho time. I feel that at present we cannot tell just what rolo chorea 
plays in rheumutic fever, or whether all chorea is rheumatic fever. It is evident, 
however, that as a rule (dioren is closely associated with rheumatic fever, and that it 
.seciim to occur in those patients who do well clinically. Chorea alone without a 
history of rheumatic fever manifestations and without laboratory evidence of 
infection, rarely dcvelcqis clinically evident heart disease. Conversely, those patients 
having rheumatic r’ever and later chorea or exhibiting manifestations of both condi- 
tions .'>ijnultane«u--ly will remain free from clinical evidence of heart disease in a 
iarger percentage ttian the group who develop rheumatic fever following chorea. 
At the prc-'cnt time we cannot comidetely dissociate rheumatic fever and chorea. 
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THE OIUGIN OP THE HEART'S “INTERNAL STIMULUS"'^ 


C. H. I^IcDoxald, ]\r.D., axd A. C. [McDonald, M.D. 

Little Rock, Auk. 

T he heart o£ cillier a cold or a warm blooded animal is able to main- 
lain strong, rhj'thmical heals for a long lime alter all nervous, vas- 
cular, and supportive connections between the heart and the i*est of 
the animal’s body have been severed provided the heart is perfused 
with a liquid containing certain inorganic salts in proper proportion. 
To explain this automaticity of the lieart many theories have been ad- 
vanced. Those based upon a more modern conception of physics and 
chemistiy date from about 1870. Attention has been directed toward 
the various factors supposedly capable of calling out the heart beat — 
the so-called “inner stimulus” — in a somewhat cyclic manner: toward 
first the organic constituents, then the inorganic, next the possible 
physicochemical arrangements of both organic and inorganic, again 
toward the organic, and at the present time there is a renewed inter- 
est in the inorganic constituents ivith respect to their possible role in 
releasing the heart beat. 

Langerdorf==° advanced a theory that the inner stimulus controlling 
the automaticity of the heart arises from cleavage processes within the 
lieart, probably in the ganglion cells — “Der Lebensproduckt der Zelle 
is ihr Errcger.” This stimulus originates in the catabolism of the cells, 
and anabolic processes are assumed to diminish its production. Thus, 
adopting a view earlier expressed by Gaskell, the inhibitory nerves 
produce their effects by increasing the anabolic processes. Assuming 
a constant production of this stimulating substance, he explained the 
rhythmicity on Rosenthal’s hypothesis of a steady stimulus opposed by 
a steady resistance. Langendorf placed the burden of calling out the 
heart’s rhythmic beats upon the organic constituents of the heart and 
assigned to the inorganic cations, sodium, potassium, and calcium, the 
minor role of placing the cardiac musculature in proper condition for 
the action of the inner stimulus- 

♦From the Department of Physiology and Pharmacologj', University of Arkansas 
School of Medicine. 
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Englemann/“ basing’ liis views mainly upon a study of the automa- 
ticity of the venous end of the heart, believed that a stimulating sub- 
stance responsible for the inner stimulus is formed as a result of the 
resting metabolism of the heart. The accumulation of this material 
during the pause suffices eventually to bring on a systolic contraction. 
The diastolic pause in its duration is the reciprocal of the rate of de- 
velopment of the stimulating substance. To explain the rhythmicitj’’ 
it is suggested that each systolic contraction causes a diminution or 
neutralization of the stimulating substance. These views of both 
Langendorf and Englemann are entirety theoretical inasmuch as noth- 
ing of the nature of direct proof is given for existence of such a stimu- 
lating substance in the heart. 

Ringeri^ noted that if an excised heart is perfused with an aqueous 
solution of the salts of sodium, calcium, and potassium in the con- 
centration in which these salts are found in the animars blood, a 
rtyThmical, functional beat maj'- be obtained for a long time. He be- 
lieved that no artificial perfusion fluid could so function unless it con- 
tained the salts of these cations and from this reasoned that an inter- 
action of these inorganic salts is a necessary'- condition for the heart 
beat. He emphasized an antagonistic action of calcium and i)otassium 
upon the tone of the cardiac musculature and suggested that calcium 
elicits the conti’aetion of the heart’s tissues while potassium brings 
about their relaxation. 

Loeb®® observed that the pi*esence of certain ions influences the im- 
bibition of water by soaps and that variations of the kind and concen- 
ti’ation of these ions within the soap can cause water to proceed into 
or out of the soap. He further noted that changing the kind and con- 
centration of these same ions in the fluid bathing an excised skeletal 
muscle can vary the activities of this muscle. These observations led 
him to postulate a mechanism by which ionic activity seiwes to release 
the spontaneous, rhythmic contractions which can be called forth in 
skeletal muscle under eeifiain conditions. He expressed the convic- 
tion that the same mechanism can be extended to cardiac musculature. 
According to Loeb’s theory, the various ions exert their influence by 
entering the cell and uniting with certain cellular constituents. Acting 
as the principal agent in initiating automaticitjq the sodium ion enters 
the cell and dis2flaces a small poi’tion of the calcium ion from its intra- 
cellular comi:)ounds and by this displacement excites the muscle to con- 
tract. If tins displacement proceeds too far, the sodium ion “poisons” 
the tissue. In this theoiy of the origin of the heaifi’s automaticity 
Lingle concurred. 

HowelP'^ advanced a theoi’y in which an antagonism between sodium 
and calcium present in balanced ratio acts as the exciting agent for 
spontaneous beats rather than the activity of sodium alone as Loeb 
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believed. Howell denied the “poisoning” action ol sodinm upon car- 
diac tissue except so I'ar as any single known substance is likewise 
poisonous in being unable to support rhythniic beats when used alone. 
Warburg'^' has recently shown, however, a so-callcd toxic action ol 
sodium chloride u])on certain cells in that their oxidations are greatly 
increased when sodium chloride is the onlj- salt contained in the fluid 
surrounding them ; furthermore, this increased oxidation is neutralized 
by the addition of calcium salts or of sodium cyanide to the fluid in 
contact with the cells. Loch, Lingle, and Howell agree in assigning no 
direct action in the production of the inner stimulus to potassium. It 
should be borne in mind that rhythmicity at this time was defined 
wholly in terms of mechanical contractions. 

Zwaardemaker,'’^ however, placed the responsibility of initiating the 
heart’s spontaneous rhytiim upon ijotassium. "While holding sodium, 
calcium, and potassium as essential to the maintenance of a rhythmic 
beat, he asserted that the radiations emanating from the potassium act 
directly upon the heart’s musculature stimulating it to its rh.ythmic 
contractions. His modified view of the behavior of potassium will be 
noted in connection with the heart hormone theory, lie held that 
potassium can be replaced in its effect by any other radioactive sub- 
stance. He divided the radioactive substances into two groups de- 
pendent upon the nature of their emanations, soft alpha or hard beta 
rays, and asserted that the two groups are antagonistic to each other 
in their etl!ccts upon the heart. This specific role assigned to potas- 
sium in calling out the heart beat has been criticized bj' Clark^'^ and 
bj’- Libbrecht,-'** while Zechuisen''’ has shown that failure of the heart's 
I'hythmicity is not directly connected with the removal of potassium 
from the heart’s tissues. 

Mines’’® advanced an interesting and rather comprehensive physico- 
chemical theory to account for the origin of the heart beat. He as- 
sumes that the contractile mechanism responds to a transitoiy increase 
of hydrogen ions at interfaces within the cardiac muscle structure. 
Such a change in ly^drogen ion concenti*ation will be dependent upon 
the maintenance of a certain degree of iDcrmeabilitj’’ of the cell sur- 
faces or cell membranes. Maintenance of this proper degree of per- 
meability is a function both of the chemical composition of the cell 
membrane and of the electrical potential existing across the membrane 
itself. He has classed the calcium ion as a combining ion, capable of 
entering into chemical union with the membrane itself and exerting 
an influence upon its permeability. The sodium and potassium ions 
he has classed as nomadic ions because of their supposed ability to 
penetrate the cell membrane and by such migrations exert an influence 
upon the electiical charge of different parts of the cell. The hydim- 
gen and hydroxyl ions he classes as polarizing ions which affect the 
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surface potential of the cell thi*ough adsorption. Hogben"'* has also 
furnished experimental evidence in confirmation of this view. 

Clark” has advocated a somewhat similar theoiy in which lipoids 
become essential constituents of the cell surfaces. Tiie function of cal- 
cium is to vary the colloidal state of this lipoid-containing cell sui-face. 
The pex-meability of the cell to electrolytes is made dependent on, or 
influenced by, the presence of calcium and lipoids at the cell .surface. 
Clowes“ has constructed a model in Avhich both conductivity and per- 
meability of a membrane soaked in an emulsion of oil and balanced 
soap solution vary Avith changes in the calcium to sodium and potas- 
sium ratio due to the degree of externalization of the lipoid phase of 
the cell membranes. Osterhout"* made a like observation Avith living 
plant tissues. Eona and PetoAV'” explain the mutual antagonism of 
calcium and potassium upon the basis of opposed influences in the 
externalization of the lipoid phase of cell membranes. 

Andrus and Caifler' have elaborated a physicochemical theoiy in 
Avhich the hydrogen ion concentration in different parts of the cell ex- 
plains the origin of the heart beat. The cardiac rhythm, according to 
these investigators, is due to the rlijAhmic building up and discharg- 
ing of a potential dift’erence across a semipermeable membrane. The 
rate of discharge and the magnitude of this potential difference are 
dependent fundamentally upon the difference in hydrogen ion concen- 
tration Avithin the cardiac tissues and the fluid bathing them. The 
level of the potential difference at AA'hich this discharge takes place is 
determined by the permeability of the intei'iiosed membrane A\diich is 
in turn dependent upon the concentration of the sodium, calcium, and 
potassium salts on either side of the membrane. IMention must be 
made of a belief that carbon dioxide acts as the internal stimulus it- 
self. This AueAv Avas first adA'anced by hlartin''"'’ and has been elabo- 
rated by Mansfeld and Szent-Gywgyi.^® 

Lillie®” explains the heai't's automaticity on the basis of alternation 
betAveen states of acthuty and passhuty perhaps of the nature of oxida- 
tion-reduction reactions. He has constructed inorganic models capable 
of exhibiting such phenomena as chronaxia, electrotonus, polar stimu- 
lation, inhibition, and refractoiy period in close agi’eement Avith Ihung 
systems. 

ZAvaardemaker®^ altered his original theory in Avhich potassium by 
its radioactiAutj'' stimulates the heart tissue direetlj’" to one in Avhich 
a hormone manufactured bj^ the skeletal muscle is changed by the 
radioactivity of potassium to a substance (automatin) Avhich is capable 
of imparting automaticity to the cardiac tissue. Haberlandt”® has 
proposed a similar theory in Avhich a hormone is formed constantly 
by the conducting tissues of the heart and is responsible for the car- 
diac contractions. He explains alternate contraction and relaxation as 
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a fuiu'tion of tho r c fra (.■ lory jioriod ol' llic licarl. cells. Dcinoor’"’ has 
advanced a soinewlial dilTerent humoral Ihcory. Accoi-ding 1o lii.s 
view, the myocardium is capable of giviuji: automatic contractions hut 
the contractions are irrc'rnlar. Vuder the influence of a .sub.stauce 
elaborated particularly by the nodal tissue the myocardium assumes 
regularity, llis theory is based chiefly upon the observatioii that the 
ri|;ht auricle of the rabbit excised and dropjicd into a Kinger-Locke 
solution soon assumes a rcfrular rhythm; the left auricle, however, 
•rives only aperiodic, jerky beats in this .solution. If now the solution 
in which the rifrht a\n’iele has been active for a while is poured over 
the left auricle, the latter assumes rhythmical beats. We have 
been able to confirm this observation in about 70 per cent of trials. 
(Preliminary publication. Proc. Soc. Kxper. Piol. & Med. 30: 786, 
3033.) Demoor has postulated other heart hormones which bring 
about augmentation and inhibition of the heart. The “specificity” of 
these substances has been questioned since extracts of other tis.sues 
have been shown to have similar effects ujmn the heart tissue. Asher 
and Iteycler,'’ Granit and von Iton.sdorff,"- Kat/, and Liebensohn,-' Rigler 
and Singer.^’ Rigler and Tiemanu,'- Opiienheimer,^'’ Kraut. Frey, and 
Werle,-'’ Thorpe,'' Cannon and Griffith,' and Chang and Chen® have 
demonstrated that such substanci's have a wide distribution in the 
tissues. 

With the develoimient of instruments cajiable of measuring the elec- 
trical variations that occur in connection with the mechanical move- 
ments in contracting musculaturi' there has been made available a new 
criterion for the presence or absence of contractions in a heart. It 
was long supposed that the electrical phenomena were concerned per- 
haps solely with the internal stimulus and definitely ]n’eccded any dis- 
tortion of the muscle .substance. EinthoA'en,’" Einthoven and Hiigen- 
holtz,’® Arbeit er,- and de .lough” have advanced the idea that elec- 
trical and mechanical phenomena are indissoluble; while Gasser and 
Hillyi Rijlant,''-' Kleinknecht,-® Fulton,-” .Jolles,=” Bishop and Gilsen," 
Max,”" and Bact.ier and iMcDouakP have presented evidence that the 
two may be separated. 

Without much speculation upon the actual origin of the electrical 
variation shown by the beating heart, Craib^” has called into question 
the usual method of explaining this variation upon the basis of a state 
of negativitj^ which is developed by acting tissue as compared to that 
of resting tissue. He offers mathematical and experimental proof that 
the electneal phenomena of the heart XJartake of the nature of what 
hetenns “electrical doublets” and defines an electrical doublet as two 
closely adjacent poles situated within a conducting medium and main- 
tained at equal and opposite potentials. 

At any rate, since the electrical phenomena in connection with the 
heart’s contraction may be used as a means of measuring the heart’s 
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activity, tlie functional importance of tlie inorganic ions in the pro- 
duction of the internal stimulus has become a subject for reinvestiga- 
tion. Biuefly stated, it appears that according to the present view 
sodium is pei'haps most intimately eoneemed with actual release of 
the internal stimulus, calcium with the strength of contraction, and 
potassium with the counteracting of an irritating antagonism between 
sodium and calcium. Reference may be made to Clark,^® Arbeiter,® 
Ten Cate,^® Hogben,^^ McDonald,®^ Zeehuisen,^® Colle,^® Bouckaert and 
Belehradek,® Zwaardemaker,®^ Max,®*^ and Baetjer and McDonald.^ 
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Wood, rraaicls Clark and Wolfcrth, Charles C.; Experimental Coronary Occlusion. 

Arch. Ijil. 51; 771, lit'!.'!. 

The (loK presents ii situation analogous to that existing in nian, ■with res])eet 
to occlusion of the coronary arteries. Infarction in sonic parts of the lieart 
produces a deviation of the HS-T interval from the isoelectric lino in the con- 
ventional electrocardiogram. Infarction in other parts of the heart does not. 

lilcctrograms show that the failure of certain infarcts to afToct the liml) lead 
electrocardiogram is not due to a failure of the development of changes in the 
action current in the infnrcled area. By means of direct heart letids, deviations 
of the BS-T interval are rocordaldc within a few minutes after infarction of any 
part of the surface of the heart. 

If conduction from till surfaces of the heart is adcipmtc and if an nntcropos- 
tcrior chest lead is used in addition to the routine limb leads, a deviation of the 
IbS-T interval can he recorded in one or more leads after occlusion of any one of 
the three main coronary arterial trunks. This is likewise true of occlusion of 
some of the branches of these arteries. 

Deviation of the. IIS-T interval due to occlusion of the left anterior descend- 
ing coronary artery appears in only one of these four leads, the anteroposterior 
chest lead. Likewise, in man, infarcts in some parts of the heart fail to produce 
deviations of the BS-T interval except in certain leads which heretofore have 
not been used as a routine measure. 

When the right and the left arm lead wires are used and when the electrodes 
are idnccd on opposite sides of the chest, an infarct located boncntli the former 
produces a depression of the B.S-T interval; one located beneath the latter pro- 
duces an elevation of this interval. The direction of the deviation of the BS-T 
interval and the lead in which it makes its maximum appearance serve to indicate 
the location of tho infarct. It is therefore jwobable that more accurate electro- 
cardiographic localization of myocardial infarcts may bo attained in man by the 
use of chest leads in addition to the three conventional ones. 

Deviations of the ES-T interval after coronary occlusion in the dog appear 
within two minutes. It is not likely that they lake much longer to appear in 
man. 

No additional impairment of the coronary circulation or of the general circula- 
tion is necessary for the production of deviation of the BS-T interval beyond that 
produced by occlusion of a coronary artery. 

The size of an infarct necessary to cause changes in the ES-T interval, record- 
able from the body surface, has not been determined accurately. It is certain, 
however, that relatively small infarcts suffice. The optimum points of application 
of the electrodes for recording clcctroeardiograpliic changes after obstruction of 
the various coronary arteries deserve further investigation. 

This scries of experiments demonstrates that in the dog deviation of tho ES-T 
interval from the isoelectric lino is a characteristic result of acute infarction of 
any part of the surface of tho heart. Failure to record this electrocardiographic 
change in previous similar experiments has often been due to failure to apply the 
electrodes to the surface of the body in the proper locations. 
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The necessity for augmenting the three conventional leads is apparent if a 
more nearly adequate electrocardiographic picture of cardiac events is to be ob- 
tained. 

The authors also point out the relative immediate danger to the dog of clamp- 
ing the various coronary arteries. Ventricular fibrillation is the usual terminal 
event in experiments on coronarj’- occlusion. It occurs most rapidly when the 
left posterior circumflex artery is occluded, within three or four minutes as a 
rule. It develops more slowly after obstruction of the left anterior descending 
artery. The least danger of early fibrillation seems to result from right coronary 
occlusion. Clamping of both the right and the left anterior descending arteries 
did not seem to be as immediately dangerous to the life of the animal as clamp- 
ing of the left posterior circumflex alone. The authors do not understand the 
reason why occlusion of the latter artery should be particularly prone to cause 
ventricular fibrillation. The question arises as to whether there is an area in the 
distribution of this artery which, when deprived of its blood supply, is especially 
likely to cause fibrillation of the ventricles. The coronary sinus and the inferior 
vena cava may be clamped for relatively long periods without endangering the 
life of the animal. 

Barton, E. M., and Greenwood, H. H.: Experimental Infarction of the Interven- 
tricular Septum of the Canine Heart. Arch. Path. 16: 15, 1933. 

When the front septal branch of the left coronary artery of the dog was oc- 
cluded by ligation and when the animals had recovered from the immediate 
effects of the operation, a typical infarct was produced in the interventricular 
septum and usuoily in part of the auriculoventricular node as well. Some of the 
ganglion cells and ganglion cell groups in such infarcted nodes had undergone 
degenerative changes. 

No permanent interruption of conduction as a result of these lesions was dis- 
coverable by electrocardiograms. Mural thrombosis of the cavities of the heart 
was not observed. Among the po.ssible reasons for the paucity of the conduction 
disturbances are the richness and the variability in the arterial blood supply to 
the conduction system of the dog and the frequency with which the endocardium 
and the Purkinje fibers over the infarcts were found intact. 

Dock, William: Mode of Production of the First Heart Sound. Arch. Int. Med. 

61: 737, 1933. 

Experiments on the exposed hearts of dogs demonstrate that there is no mus- 
cular element in the first heart sound and that ventricular systole produces no 
audible vibrations, in either empty or full hearts, if tensing of the auriculoven- 
tricular valves is prevented. 

A comparison of the pressure changes in the auricles and the rate of outflow 
through the atrioventricular valves with the period at which first sounds are 
accentuated by a previous auricular systole shows the importance of the position 
of the auriculoventricular valves in determining the loudness of the first sound. 
If the valves are closed and intraventricular pressure about as high as that in the 
auricle, ventricular systole causes only a faint sound; if the valves are slack 
and displaced toward the ventricle by the rush of blood through them, ventricular 
systole produces a loud first sound. 

The author, therefore, concludes that the first heart sound is due to suddenly 
putting under high tension the previously slack fibers of the auriculoventricular 
valves. If the valves are closed and the slackness is taken up gradually before 
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ventricular systole occurs, the intensity of the sound is grcatlj' diminished. The 
factors dclermining loudness of the lirst sound are, therefore, the degree of 
tension in the valves when ventricular systole occurs and the rate of rise of in- 
traventricular tension. 

Greene, J. A., and Coggeshall, H. C.: Clinical Studies on Respiration. I. The 
Plethysniographic Study of Quiet Breathing and of tlie Influences of Some 
Ordinary Activities on the Expiratory Position of the Chest in Man. Arch. 
Int. Med. 52: 44, 1033. 

The plcthysmographic method for the studj' of the respiratory movements in 
man has been described. The false results obtained by the method arc discussed. 

The expiratory position of the chest in repose is more constant than the in- 
sxjiratory position, but the exxiiratory position may also fluctuate in apxiarcntly 
normal subjects. After the subject has become accustomed to the procedure, the 
volume of air in the lungs at the end of cx^jiration increases immediately ■when 
the body is changed from the horizontal to the vertical position and decreases 
immediately when the body is returned to the horizontal position. The expiratory 
position of the chest may or maj- not increase with slight muscular work. If it 
increases, the time required for it to return to its x^revious level varies. The 
expiratory position of the chest and the dcjrth of the respirations during talking 
and reading aloud ax)pear to depend on the length of the sentences and phrases 
when the subject is at case and when hyperventilation may occur. 

Greene, J. A., and Coggeshall, H. C.: Clinical Studies of Respiration. H. Influence 
of Determination of Basal Metabolism on Respiratory Movements in Man, and 
Effect of These Alterations on Calculated Basal Metabolic Rato. Arch. Int. 
klcd 52: 22G, 1933. 

The influence of the determination of the basal metabolic rate on the respira- 
tory movements has been studied in three normal and twenty diseased subjects. 
The respiratory movements may be altered in rate, rhythm, amplitude, or o.xpira- 
tory position of the chest, or in several combinations of these. The respiratory 
movements were altered in every subject during the determination of the basal 
metabolic rate, and the ventilation was incicnscd in twenty subjects, unchanged 
in one, and questionably altered in two. The manner in which the respiratory 
movements arc altered varies with diffei'cnt subjects and may vary with the 
same subject during different c.xaminations. Changes in the expiratory position 
of the chest may alter the basal metabolic rate ns determined by the closed 
circuit method. The decreased excretion of carbon dioxide by some subjects in 
the basal state may be due in part to changes of the expiratory position of the 
chest. 

Alterations of the expiratory position of the chest may explain some of the 
variances between the determinations of the basal metabolic rate and the clinical 
findings. The alterations in the determinations of the basal metabolic rate due 
to changes of the expiratory position of the chest -would be materially decreased 
if longer test periods were used. 

Hurtado, Alberto, and Boiler, Charles: Studies of Total Pulmonary Capacity and 
Its Subdivisions. I. Normal, Absolute and Relative Values. J. Clin. Investiga- 
tion 12: 793, 1933. 

Determinations of total pulmonary capacity and its subdivisions have been 
made in fifty normal young males. Christie ’s method of oxygen dilution -without 
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forced breathing was used, and his classification adopted. All determinations 
have been made with the subject in a recumbent position after a preliminary 
period of rest. The age and physical characteristics of the subjects are fully 
presented. 

The results obtained suggest that there are wide variations in the absolute 
values of the total pulmonary capacity and its subdivisions. The vital capacity, 
residual air, and midcapacity fluctuate within well-defined limits if expressed as 
a percentage of the total volume. If the vital capacity is less than G5 per cent 
of the total volume, or if similarly the residual air is, higher than 35 per cent, 
an impairment in the alveolar ventilation must be suspected. 

The constant normal ratios found betAvecn the total pulmonary capacity and 
its main subdivisions suggest that alterations in- these ratios may give a quanti- 
tative estimation of the degree of functional respiratory efficiency from the point 
of view of alveolar ventilation. 

Hurtado, Alberto, and Fray, Walter W.: Studies of Total Pulmonary Capacity 
and Its Subdmsions. II. Correlation With Physical and Radiological Measure- 
ments. J. Clin. Investigation 12: 807, 1933. 

In the present communication the correlations between the total capacity and 
its main subdivisions with height, weight, surface area, and external and radio- 
logical measurements of the thorax arc discussed. It has been shown that they 
may be calculated best in a given case from the so-called radiological chest 
volume. The method of calculation is fully presented. Comparison of the ob- 
served and the calculated volumes .shows a very close correspondence. The appli- 
cation of these observations allows one to recognize pathological deviations. 
Studies have been made of the normal variability in the degree of expansion of 
ihe chest which is best exhibited by measurements of the chest film, taken by 
means of a standard, the technic of which has been described. The same film 
together with the measurement of the anteroposterior diameter of the chest at 
maximum inspiration furnished all necessary information for the calculation of a 
given pulmonary capacity if correlation, coefficients, and regression formulas are 
used. The influence of the shape of the chest has also been investigated.. The 
observations lead to the following conclusions: 

When the total pulmonary capacity and its main subdivisions are calculated on 
the basis of the radiological chest volume, at maximum inspiration, the following 
deviations in the observed values (as compared with the calculated ones) are 
considered to be significant: a difference of over 15 per cent in the total pul- 
monary capacity and vital capacity and of 30 per cent and 40 per cent in the 
midcapaeity and residual air respectively. 

If the ratio: (Area at maximiun expiration/ Area at maximum inspiration) 
X 100 is higher than 72.0, a reduction in chest expansion is indicated. Further 
evidence of deficient expansion is obtained if the diaphragmatic excursion, the 
lateral expansion, and the degree of movement of the ribs are found to be less 
than 4 cm., 2 cm., and 12° respectively. 

There is a certain correlation between the degree of chest expansion (as appre- 
ciated by the ratio mentioned) and the relative proportions of subdivisions of the 
pulmonary capacity. Deficient expansion tends to be accompanied by a higher 
percentage of the residual air in relation to the total capacity. 

There is a relationship between the shape of the chest and the capacity of 
the lungs. Persons with broad, muscular chests and high diaphragms (hyper- 
sthenic type) usually present low volumes of reserve air, as compared with long 
and narrow-chested persons with low diaphragms (asthenic type). The latter 
have larger thoracic capacity and consequently larger pulmonary capacity. 
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From the observations mailo on normal males, it is possible to delect patho- 
logical changes in the absolute and relative pulmonary capacity in a given case. 
Tlic importance of recognizing such allorntions is obvious. 

Hurtado, Alberto, and Fray, Walter W.: Studies of Total Pulmonaiy Capacity 
and Its Subdivisions. III. Changes With Body Po.sture. .T. Clin. Investigation 
12: S25, lon.l. 

I’lie efl'ects of posture upon the jmlmonuiy capacity and the size and cxp.ansion 
of the chest have been ol)servcd in fen healthy males by comparing measurements 
made in recumbent and sitting postures. It has been found that when recumbent 
tl'.cre are slight decreases in the total volume, the vital capacity, and the residual 
air, but the reserve air ilccrcases markedly. On the other hand, there is a marked 
increase in the volume of the com])lenienfar_v air. Similar and parallel decreases, 
although proportionally loss marked, have been demonstrated to occur in the size 
of the chest. This diminution is most marked at midcapacity, and it is caused 
by an upward displacement of the diaphragm. An analysis of the expansion 
of the chest in both sitting and recumbent positions shows also parallel changes. 
In the latter posture the diaj)hragmatic excursion .'ind the change in the area of 
the projection of the lungs correspoiuling to the reserve air arc considerably 
reduced, while the reverse is true in relation to the complementary air. 

These observations furni.«h additional data regarding the close correlation exist- 
ing between the pulmonary capacity and the size and cxiiansion of the chest and 
indicate the necessity for adopting a standard posture when investigations of 
this nature arc made. 

Hurtado, Alberto, Fray, Walter W., and McCann, William S.: Studies of Total 
Pulmonary Capacity and Its Subdivisions. FV. Preliminary Observations on 
Cases of Pulmonaiy Emphysema and of Pneumoconiosis. J. Clin. Investigation 
12: S.33, 1933. 

In seven of nine eases of pulmonary emphysema, the total pulmonary capacity 
cibserved corrc.sponded closely with that predicted from measurements of the 
chest cavity. In two it was slightly less. Increase in the volume of the residual 
air and a corre.sponding reduction in the vital capacity was observed in all the 
cases. In emphysematous patients there was a definite reduction in e.xpansion 
of the chest, the degree being closely correlated with alterations in the relative 
pulmonary capacities. 

In cases of pneumoconiosis, the total capacity of the lungs observed was less 
than that predicted from measurements of the chest due to decrease in the vital 
capacity. The residual air was moderately increased in four of five cases. In one 
the changes were minimal. Decrease in expansion of the chest rvas not a sig- 
nificant feature of cases of pneumoconiosis. Cases in which the ratio was ab- 
normally high were found to exhibit low saturation of the arterial blood with 
oxygen, indicating poor alveolar ventilation. 

Preliminary observations on response to exercise showed that the capacity to 
ventilate the lungs was limited in a severe case of emphysema and in one of 
pneumoconiosis compared with that in a normal man. Further observations will 
be necessary to establish a relationship between the degree of functional; dis- 
ability and abnormalities in pulmonary capacity. 
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Cotum, Alvin P.: Relationship of tho Rheumatic Process to the Development of 
Alterations in Tissues. Am. J. Dis. Child. 45: flUS, 19:!3. 

Tho present struly 1ms been made on n group of 320 patients who died with 
rheumatic disease and wlio were examined post mortem. Particular interest is in 
a group in which death occurred during activitj' of the rheumatic process, show- 
ing alterations in tho tissues ns a result of tho rheumatic infection. Hemorrhagic 
lesions without distinctive histologic structure ■wore con.spicuou.s. The character 
of these nonspecific lesions suggested the activity of a single process with vary- 
ing degrees of intensity': (1) engorgement of tho blood vessels; (2) alteration 
in tho permeability of the vascular tissues with diapedosis, but without a demon- 
strable change in the structure; (3) an inilamnmtory reaction. The damage to 
the tis.sue in the patients with acute rheumatism was characterized by tho absence 
of delectable microorganisms and commonly by vasodilatation, .swelling of the 
endothelium, necrosis of the collagen, infiltration with various wandering colls, 
and especially hemorrhage. During the first cycle of the rheumatic attack, few 
or no Asehotr bodies were detected in the cardiac muscle; however, the presence 
of specific lesions in the endocardium c.stabUshcd the diagnosis. 

When the rheumatic subject is infected with tho hemolytic streptococcus, the 
initial response is of the usual clinical character. If the infection is limited to 
the upper rc.spiratory tract, recovery occur.s within a few days. This illness, 
though mild, may nevertheless be the first phase in the development of a severe 
rheumatic attack. 

Following tho subsidence of the local infection, the patient usually regains his 
customary health, and nothing abnormal is detected clinically. This quiescent 
interval of days or a few weeks represents the second phase in the evolution of 
the rheumatic process. The second phase persists until a rise in tho titer of 
immune bodies is detected in the blood of tho poriphoral circulation. Almost 
simultaneously with this response of the immunity mechanism, the rheumatic 
process is activated in susceptible persons. 

When the rheumatic process is activated, the initial response is characterized 
by manifestations of a hemorrhagic nature. Particularly common at this stage 
are epistaxis and the erythemas; while melenn, hemoptysis, and hemnteniesis also 
occur. Studies of the excretion of erythrocytes in the urine indicate tho close 
relationship of hemorrhage to tho activity of the rheumatic process. Late in the 
attack, when sjunptoms are subsiding and the abnormal urinary observations have 
disappeared, there may bo a second stage, characterized clinically perhaps only 
bj' the appearance of subcutaneous nodules. 

The author believes, therefore, that the evolution of rheumatic fever consists 
of, first, a phase in which there is an infection of the respiratory tract with a 
hemolytic streptococcus, and second, a symptom-free phase in which the immune 
response develops in the rheumatic subject, and finally, the acute attack. During 
the third phase, activity of the rheumatic process is characterized clinically b}' 
a tendency to hemorrhage which was well correlated with tho anatomic observa- 
tions in the cases studied. 

Grollman, Arthur, Friedman, Ben, Clark, Gurney, and Harrison, T. R.: Studies 
in Congestive Heart Failure. XXHI. A Critical Study of Methods for Deter- 
mining the Cardiac Output In Patients With Cardiac Disease. J. Clin. In- 
vestigation 12; 751, 1933. 

A critical study has been made of the possible sources of error of tho Burwell- 
Robinson, venous plateau, and acetylene methods for measuring the cardiac out- 
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put -whicli may invalidate the results obtained ■u’bon applying them to patients 
■with congestive heart failure. The methods to bo used for detecting and avoid- 
ing those errors arc indicated. Results as obtained by these dilTcrent methods 
are given. 

As to the relative merits of the method studied, the laboriousness of the Bur- 
■wcll-Robinson and venous i)latoau methods both to the patient and to the inves- 
tigator renders tlicju inferior to the relatively simple acetylene procedure. In 
persons ■with normal arterial oxygen saturation, the practice of taking three 
samples as advocated for the acetylene method should exclude the possibility 
of error. With care, moreover, the method rvill bo found to be applicable to a 
large percentage of subjects ■with advanced cardiac disease and ■with mild con- 
gestive failure. In those subjects in ■whom the method is not applicable, the 
venous plateau method may be applied. Unfortunately, it is in these very cases 
that the pitfalls inherent in the latter method occur and great care and labor 
arc required to avoid them. 

Wolff, Louis: Angina Pectoris (or Status Anginosus) and Cardiac Astluna In- 
duced by Paroxjfsmal Auricular Fibrillation and Paroxysmal Tachycardia. IsTcw 
England .T. IMcd. 208: 1194, 1933. 

The author describes four patients in ■whom angina pectoris (or status angino- 
sus) and cardiac asthma were induced by paroxysmal auricular fibrillation and 
paroxysmal tachycardia. This condition should be differentiated from angina of 
effort in coronary thrombosis, and the difficulties encountered in such differentia- 
tion arc discussed. Embolism, fever and Icucocytosis may sometimes occur with 
or follow paroxysmal arrhythmias and consideration which must bo reckoned 
with in the study of patients with pain suggestive of coronary thrombosis. 

The cardiovascular changes which occur during a paroxysmal arrhythmia favor 
vascular thrombosis, and it must be recognized that in the face of coronary- 
artery disease, coronary thrombosis may be induced by paroxysm of rapid heart 
action. The prevention or curtailment of such paroxysms by quinidinc and other 
methods' offers a prophjdactic measure against coronary thrombosis in a small 
number of patients. 

Sproull, John: The Simulation of Coronary Thrombosis by Angina Pectoris In- 
duced by Paroxysmal Tachycardia. New England J. Med. 208: 1198, 1933. 

Two cases of angina pectoris induced bj' paroxysmal tachycardia and closely 
resembling cases of coronary thrombosis arc reported. Because of the difficulties 
of establishing a diagnosis of paroxysmal tachycardia as a cause of angina 
pectoris, it appears that the proper and safe procedure is to treat suspected cases 
as if coronary thrombosis were present, reserving the ultimate diagnosis until all 
possible evidence has been accumulated and considered. On account of the simi- 
larity of the two conditions and also for the reason of the variation in their 
prognosis and care, a complacent acceptance of the diagnosis of coronary throm- 
bosis in attacks of severe angina pectoris with tachycardia is to be avoided. As 
in other instances, the failure to have the condition in mind causes some errors 
in diagnosis. 

Ayman, David: The Personality Type of Patients With Arteriolar Essential 
Hypertension. Am. J. M. Sc. 186: 213, 1933. 

A study has been made of the personality of 182 patients consisting of middle- 
aged hypertensive patients, hypertensive patients between the ages of eighteen 
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and tliirtj'-fivo, middle-aged normal subjects •\vitli normal blood pressure, and 
young normal subjects witli normal blood pressure. The results indicate that 
hypertensive subjects tend to have a distinct type of personality. Their i)or- 
sonality is characterized bj' increased psyohomotor activity. They arc dynamic, 
hyperactive individuals with a large and steady outjnit of energy. They tend to 
be sensitive and quick-tempered. The mood fluctuations, however, are not an 
important feature, which diircrcntiatcs them from the manic-depressive individ- 
uals. The hypertensive personality has existed as far back as the subject can 
remember. 

Lundy, Clayton J., and Bacon, Charles M.: Premature Left Ventricular Beats 

Prom Electrical Stimulation of Exposed Human Heart. Arch. Tnt. kled. 62: 

30, 1933. 

The authors had the opportunity of studying a four-year-old child in whom 
a purulent pericardial ctTusion developed following influenza of the upper rcsj)ira- 
tory tract, and pericardiotomy had been j»crformed through the left half of the 
sternum, at the level of the fourth and fifth rib. Through the o])erativc wound 
could be seen the left auricular ax)pendix and the basal x)orlion of the left side 
of the ventricles. 

Electrically induced extrasystolcs from the base and apex of the left ventricle 
gave discordant QRS complexes. The extrasystolcs arising from the base were 
upright in Lead I and inverted in Lead HI. Those arising from the apc.x were 
inverted in Lead I and upright in Lead III. The ventricular extrasystolcs elicited 
from a point designated as I is from a region heretofore unexplored. 

Ay man, David, and Krakower, A.: Influence of Sclerotic Arterial Wall on Blood 

Pressure Measurements. Arch. Int. iled. 52: 33, 1933. 

Simultaneous bilateral readings of the blood pressure in the radial arteries 
were made in a patient who both clinically and radiographically had a soft 
radial vessel on one side and a sclerotic radial vessel on the other side. The 
results are in accord with evidence obtained previously in studies with excised 
vessels, and the observations indicate that the sclerotic arterial wall has no 
significant effect on the determination of blood pressure. It was also found that 
in this patient, as well as in three other patients with marked radial sclerosis, 
the radial blood pressure reading was higher than the brachial blood pressure 
reading. 

Solomon, Philip, Hurwitz, David, Woodall, Martiu, and Lamb, Marion E.: Diag- 
nosis of Gonococcus Endocarditis. Arch. Int. Med. 52: 1, 1933. 

A case of gonococcus endocarditis is reported in detail. The diagnosis of acute 
vegetative endocarditis was made clinically and was proved at autopsy. The 
organism grown from the blood stream and from the vegetation on the aortic 
valve post mortem was identified as a gonococcus by its morphologic and cultural 
characteristics, fermentation reactions, agglutination, precipitin, arid, complement 
fixation reaction. 

, The condition occurred in a patient during the last days of pregnane}^ with 
symptoms of an upper respiratory tract infection. Following a bronchopneumonia, 
the temperature continued high and the pulse rate rose to 140. Two days later 
chills and hemiplegia and signs of endocarditis developed. The spinal fluid was 
blood tinged and had 4,000 white blood cells per cubic millimeter. The organisms 
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were not recovered from the meniiigonl fluid. It is pointed out that gonococcus 
septicemia occurs fairly frequently and often is followed by recovery, but when 
endocarditis develops, the issue is grave. 

Kugel, M. A., and Lichtnian, S. S.: Tactors Causing Clinical Jaundice in Heart 
Disease. Arch. Tnt. Med. 62: 10, 193.'). 

Two factors, the duration and the type of myocardial failure, arc mainly re- 
sponsible for the occurrence of pulmonary infarction. The lowest incidence of 
infarction occurred in patients with subacute bacterial endocarditis in whom con- 
gestive heart failure rarely occurs, and in those with primary failure of the 
right side of the heart, in whom the loft side is usually competent until the 
end. The highest incidence occurred in the group with rheumatic cardiovascular 
disease, mostly in those with disease of the mitral valves. This group also 
showed a longer duration of heart failure. Long-standing pulmonary congestion, 
therefore, is a significant factor in the causation of pulmonary infarction. 

The data indicate that jaundice is not directly correlated with the degree of 
anoxemia induced by pulmonary infarction. If it were true that the occurrence 
of frank jaundice depended wholly on the existence of an advanced degree of 
.'inoxomia, a much higher incidence of jaundice would occur in the cases of mul- 
tiple and massive infarctions and of lobar pneumonia. Yet the existence of a 
jiulmonary infarct appears to be an almost indispensable factor in the causation 
of clinical jaundice, occurring in 9-t per cent of the cases. However, a combina- 
tion of circumstances and factors is necessary. 

In addition to long-standing pulmonary congestion, a higher incidence of ana- 
tomic lesions of the liver and of systemic or pulmonary infection is found in the 
patients with jaundice. A survey of the anatomic lesions of the liver and 
studies of the function of the liver make it apparent, however, that unless true 
cardiac cirrhosis or dilTusc inflammatory vascular disease of the liver exists, the 
jaundice is not primarily of hepatic origin. Infection cither sj'stcmic or pul- 
monary also plays an important contributory role, probably by influencing the 
rate of formation and resorption of bilirubin from its source, the pulmonary in- 
farct, and the rate of its excretion by the liver. 

Stroud, William D., Goldsmitli, Melville A., Polk, D. Stewart, and Thorp, Francis 
Q.: Ten Tears’ Observation of Children With Rheumatic Heart Disease. J. A. 
:M. a. 101: 50 - 2 , 1933. 

The present study of the condition of 458 children cared for at the Children 's 
Heart Hospital in Philadelphia during a ten-year period from Juno, 1922 to 
January, 1932, with a more intensive study of some 141 children in this grou^j 
selected because of the more complete data available in their case histories, may 
help to answer the query and at the same time, offer a contribution of additional 
information concerning rheumatic fever in children. 

The average age of the primary manifestation of rheumatic fever in this 
group has been 7.3 years. Of the 307 children concerning whom information was 
available, 125 are dead or totally disabled and 182 arc working or able to work 
or go to school. Of a total of 428 primary manifestations and reactivations con- 
cerning which positive information is available, G1 per cent occurred during and 
between the months of December and May with a peak of 15.2 per cent during 
. March. It is suggested that during these months, prophylactic measures should 
be especially stressed in susceptible children between the ages of six and ten 
years, the years during which primary manifestations and reactivations arc most 
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apt to occur. In tliis group, by far tbe greatest number of patients were of 
Italian, Hebrew, American, and Irish parentage, in tbe order named. There 
seems to be a familial incidence at least as high as that in tuberculosis. 

Accurate information as to the incidence of common colds, sore throats, and 
other infections of the respiratory tract in other members of the family and 
their relationship to primary manifestations and reactivations of rheumatic fever 
cannot be obtained by questioning the child or his parents unless this problem 
and its possible importance has been carefully explained beforehand and fre- 
quently reiterated to the patient and each member of the family. Measures to 
protect children with rheumatic heart disease from the common cold and other 
infections of the respiratory tract offer as far as the study has shown, the most 
practical form of prophylactic treatment that at the present time can be freely 
recommended. The use of intravenous preparations of hemolytic streptococci with 
the hope of lessening hypersensitivity is still in the experimental stage but offers 
much promise. 

Although positive proof that the routine removal of tonsils prevents primary 
manifestations or minimizes reactivations of rheumatic fever is not clear, it is 
felt by the authors that such a procedure plus a careful study of the sinuses is 
still justified in the t 3 'pe of child included in this study. 

Premature contractions were found with relative infrequency in this group 
and auricular fibrillation was usually a terminal or near terminal event. The 
valve or number of valves involved in rheumatic heart disease in childhood has 
little to do with prognosis as compared to the virulence of the infection, the 
resistance of the host, and the number of reactivations. 

It is felt, in conclusion, that a continuance of the treatment of children with 
rheumatic heart disease in convalescent hospitals in those areas in which rheu- 
matic fever is prevalent is still justified. 

Kugel, M. A., and Stoloff, E. Gordon: Dilatation and Hypertrophy of the Heart 

in Infants and in Toung Children. Am. J. Dis. Child. 45: S28, 1933. 

A complete review of the literature of congenital idiopathic hypertrophy of 
the heart has been made and the 52 cases found have been analj'zed. In addi- 
tion, the complete clinical, roentgenological, and pathological study of 7 addi- 
tional cases from the authors are described. A careful study revealed that of 
these 52 cases only 17 were apparently associated with pure hypertrophy of the 
heart muscle both on gross and miscroseopic examination. In the light of the 
authors’ experience with the 7 additional cases of dilatation and hypertrophy of 
the hearts in infants and children, all the cases reported in the literature have 
been re-examined. 

In the cases studied, careful histological examination of the heart muscle 
showed uniformly similar pathological changes in the group of cases generally 
called congenital idiopathic hypertrophy of the heart. These pathological changes 
are degeneration and atrophy of cardiac musculature, replacement, fibrosis, scar- 
ring of the myocardium, endocardial fibrosis, and vascular changes. A thorough 
analysis of the roentgenograms was made in 4 cases. Significant electrocardio- 
graphic changes have been reported in one case. It seems from this study that 
the group of cases of so-called congenital idiopathic hypertrophy is probably 
seldom, if ever, idiopathic as has been demonstrated with the newer knowledge 
of the pathology and of the other factors causing dilatation and hypertrophy of 
the heart. 

When the hearts are examined by the standardized sections of Gross, Antopol 
and Sacks and also numerous sections along the coronary arteries, it is possible 
to find myocardial degeneration and fibrosis. 
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Blunigart, Herman L., Rlseman, Joseph E. E., David, David, and Berlin, David D.: 
Therapeutic Effect of Total Ablation of Normal Thyroid on Congestive Heart 
railure and Angina Pectoris. III. Early Results in Various Types of Cardio- 
vascular Disease and Coincident Pathologic States Without Clinical or Path- 
ologic Evidence of Thyroid Toxicity. Arch. Iiit. !Med. 52: 1G5, 1933. 

This comuiunicution is a report on the therapeutic results of total ablation 
of the normal thj’roid gland in a series of ten patients with congestive heart 
failure or angina pectoris. The clinical observations which provided the rationale 
for this procedure arc as follow."*: ^Icasurcmcnt of the velocity of blood flow 
through the lungs in more than (>00 subjects demonstrated that normally the 
velocity of flow was directly determined by the metabolic demands of the body. 
The metabolic demands of the body were gauged by the basal metabolic rate. 
When the metabolic rate was accelerated, as in thyrotoxicosis, the speed of blood 
flow was proportionately increased; on the other hand, when the metabolic rate 
was depressed, ns in myxedema, the blood vclocit}" was correspondingly lowered. 
Patients with compensated heart disease wore found to have a blood velocity 
within normal limits, in accord with the normal level of the basal metabolic 
rate. But in subjects with congestive heart failure, in spite of a normal metabolic 
rate, the blood velocity was considerably slowed. This lack of correspondence 
offered an explanation for the prc.senco of the sj'mptoms and signs of decompensa- 
tion which were in proportion to the degree of slowing of the blood velocity. The 
corollary of those observations was obvious: since therapeutic attack directed 
toward the circulation in chronic heart failure is unavailing, the way to relievo 
the circulation is to decrease the load on it by lowering the basal metabolic rate, 
i.o., by thyroidectomy. Subtotal thyroidectomy produced only temporary'- im- 
provement. 

Attacks of angina pectoris, which were present in two patients before opera- 
tion, have not recurred since complete tlij-roidcctomy. In one of these patients, 
before operation the same measured amount of work under standard conditions 
regularly precipitated attacks. After operation, under the same condition.s, as 
much as six times the same amount of work was performed -without attacks of 
angina pectoris, the exercise being finally terminated because of physical ex- 
haustion. Seven of the nine patients with congestive heart failure had prac- 
tically no cardiac reserve after prolonged periods of adequate medical treatment 
with complete rest in bed, so that the ability to be up and about without symp- 
toms or signs of congestive failure could be attributed confidently to the effects 
of operation. 

During the period of observation of three to six months that have elapsed 
since operation, all of the patients have shown conspicuous improvement. They 
have been able to undertake from slight to considerable exertion without the 
development of palpitation, dyspnea or any signs of congestive failure. The 
preoperative craving for water has disappeared. The basal metabolic rate of each 
patient has shown a significant and persistent lowering which has paralleled the 
most striking improvement. Tlie velocity of blood flow has become slower in 
seven patients, indicating that the heart is required to do less work under the 
new postoperative condition than it was able to accomplish when the metabolic 
rate was normal. These patients may therefore bo regarded as being in posses- 
sion of a definite “cardiac reserve.” The vital capacity of the lungs showed a 
decided increase in some patients though not in all. The significance of these 
findings is discussed. By means of exercise tests standardized for each of the 
nine persons with congestive failure, an increased ability to perform light work 
after operation has been demonstrated. Frequently recurring hemoptysis and 
pain in the chest have disappeared following operation. One patient who suffered 
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from pfiroxypiiiul cly.spncsi shqwinl iinprovcniPiit for thrin* wooIch followinjf ojiora- 
lioii. On tlio (wenly-socoiul day, lie sufforoil from an attack of aciito jiulmotiary 
edema durinfi ivliiol; lie died. 'Furtlier ex]icriiMU-e is iiocesHary to evaluate, the 
possible lioaclit to be derived from thyroidectomy in this condition and operation 
should bo undertaken in this type of eardiovaseiilar disease with extriMiic caution. 

Following operation jiatients have had slight dryness of the skin, increased 
sensitivity to cold, slow growth of hair, and a lower heart rate. Thyroid sub- 
stance has not bomi given except for short iteriods to two.])atients; in the othi'r.--. 
it has not been indicated thus far. The medical management of the ojierative 
course is described. In one juitient with congestive failure M'ho hud sufTered 
from continuous attacks of bronchial asthma since childhood, no severe attacks 
have occurred since operation. The ))ossiblo benericial elTecls of the procedure 
in other conditions tiro discussed. 

Because of the inevitable uncertainty as to the, ultimate duration of the 
beneficial results, we feci that this operation should be underlal'.en at thi' jiresent 
time only on jmtient.s with congestive failure or angina pectoris, in whom the 
operative risk is fair tind in whom all other medical jirocedures have been em- 
ployed without the desired therapeutic results. Fatients with active coronary 
disease, active infection, vascular accidents, repeated pulmonary infarctions or 
rapidly progressive syphilitic cardiovascular dismise are probably unfavorable 
subjects. 


Eytand, David A.: The EtTcct of Digitalis on the Voiions Pressure of Normal 
Individuals. ,T. Clin. Investigation 12: S-17, lO.'ilt. 

Digitalis causes in normal human beings and dogs a decreased cardiac output 
and a decreased venous pressure. The greatest elTect occurs at about twenty- 
four to thirty-two hours after administration of the drug with a return to normal 
level in from seventy-two to ninety-.six hours. 

The observed changes support the hypothesis that digitalis owes its action to 
a peripheral effect, probably on the hejiatic. vein radicles iji reducing the return 
flow of blood to the heart. The hypothesis that the digitalis action follows 
changes in the cardiac tone is not supported by all available data. Digitalis 
bradycardia is not due to th.c full of venous jiressure; on the contrary, the slowing 
of the heart by causing the normal increase in venous pressure, partially con- 
ceals the effect of digitalis in reducing the return flow of blood to the heart. 

Lehman, A. J., and Hanzlik P. J.: Comparative Potency of Some Digitalis Spe- 
cialties According to the Pigeon Method. .T, Pharmueol. and Exper. Tliernp. 
48: 151, 1933. 

The iiotcncy as indicated by tlic minimum emetic and fatal doses for pigeons 
of several digitalis specialties has been compared with official tinctures from an 
American loaf and from an international powder used as standard.s All the 
specialties caused emesis, their potency varied considerably, tlicir keeping quali- 
ties during periods of moiulis were good in the majority of eases but three of 
the specialties weakened considerably, their fatal doses varied considerably, and, 
in general, the killing power of the weaker .specialties was out of proportion to 
their emetic efficiency, confirming previous results with ordinary digitalis. These 
specialties are no freer from side actions and have no special advantages over 
the ordinary official powder or tincture for general therapeutic, uses except pos- 
sibly the injection feature which may be useful in occasional special cases where 
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oral acliiiinistration is impossible or Miulcsirnblc and ■\viieii emergency medica- 
1ioii is indicated. The fact that some of the specialties do not keep nearly as 
v.'ell ns the ordinary tincture is decidedly against them. 

Tolerance to the emetic action of digitalis is demonstrable in pigeons which 
have been rcin.ioctcd six times consecutively for ten weeks in agreement with 
reported loss of emetic action in reinjected dogs and cats. The tolerance does 
not impair the usefulness of pigeons for biological essay. 

Sclunitz, Henry Lenzen; Studies on the Action of Diuretics. II. The Effect of 

Salyrgan. Upon the Water Content of the Plasma as Measured by tlie Refrac- 
tive Index. .T. Clin. Investigation 12: 7-11, lO.'h?. 

The cfTcct of salyrgan upon the water content of the })hisma has been studied 
by means of the refract ometer in dogs. There is no evidence in the experiments 
that salyrgan diuresis is preceded by a mobilization of fluid from the tissue 
spaces. The results point strongly to a primary direct action of salyrgan on the 
kidney with a secondary inflow of fluid from the tissue spaces to prevent exces- 
sive deh.ydration of the plasma. 

Weiss, Soma, and Ellis, Laurence B.: Influence of Sodium Nitrite on the Cardio- 
vascular Ssrstem and on Renal Activity. Arch. Int. jMcd. 52: 105, 1033. 

The study concerns the ctTect of large therapeutic doses (from 1 to 5 grains) 
of sodium nitrite by mouth on ten normal iicrsons, twenty-nine patients with 
primary arterial hypertension, five patients with glomerulonephritis, and nine 
patients on whom unilateral nephrectomy had previously been performed. Quali- 
tatively the etfect was the same in each group, but there wore certain quantita- 
tive differences between the normal subjects and those with hypertension and 
renal disease. 

The nitrite inconstantly produced symptoms, an increase in cardiac rate and 
a depression of blood pressure and renal function. No simple correlation was 
found between these factors except when they were markedly altered. 

A decrease of systolic blood pressure was the most frequently observed effect 
of sodium nitrite. This was caused ijrobably by dilatation of certain jjurts of 
the arterial system. The greater the initial degree of arterial tonus, the greater 
was the drop in systolic pressure. AVith arterial hypertension, this was par- 
ticularly evident. 

In five normal persons sodium nitrite produced no change in the minute volume 
output of the heart. In five patients with arterial hypertension this output was 
doubtfully reduced in three, and I'cduced 15 and 32 per cent re.spectively in two. 
In nine of these ten subjects there was a reduction of the cardiac stroke volume 
output, which reached 15 per cent or more in six. 

Sodium nitrite did not affect the basal metabolic rate of nine of ten sub- 
jects; it possibly increased the rate in one. 

The effect of the nitrite on renal function Avas investigated thirty-five times 
by simultaneous determinations of the urinary output and urea and creatinine 
clearance tests. In no case was the renal capacity improved. In fourteen in- 
stances there Avas no change in renal function; thirteen times it Avas definitely 
decreased, and on eight occasions it Avas questionably loAvcred. 

Physiologic changes AA'hich occur in the human cardiovascular system as a 
result of the action of sodium nitrite are discussed and correlated. 

The use of sodium nitrite in the routine treatment of arterial hypertension 
Avith the hope of maintaining the blood pressure at a relatively low level is 
illogical and may be dangerous. 
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Evans, William, and Hoylo, Clifford: The Comparative Value of Drugs TJsed in 

the Continuous Treatment of Angina Pectoris. Quart. J. Med. 2: 311, 1933. 

A series of 90 patients vith angina pectoris of effort "was observed over a 
period of two and a lialf years, with special reference to the comparative value 
of certain drugs and medicinal remedies with any claim to be applied in con- 
tinuous treatment. Syphilitic angina pectoris was excluded and coronary throm- 
bosis was only considered as a complication. 

Each patient attended fortnightly and the various drugs were administered 
over periods of two to four weehs at a time, or longer. In this way their 
effects upon the frequency and severity of attacks could be compared. As a 
control in each case a placebo was regularly sxibstituted for an active drug. The 
following drugs were tested: sodium nitrite, mannitol hexanitrate, crythrol tet- 
ranitratc, potassium iodide, luminal, chloral, morphine, papaverine, phcnacetin, 
diuretin, cuphyllin, belladonna, digitalis, lacarnol, and harraol. 

The comparative results are outlined in tables and graphs. With one excep- 
tion, they show that a measure of improvement appears to result from every 
remedy tried and at least as great an improvemeiit during treatment with 
placebo. This universal efficacy can only be explained by natural variations in 
the severity of the symptoms which give a spurious value to each remedy. If 
any drug had proved to be superior, there might have been grounds for recom- 
mending it in the continuous treatment of the disease, but no .such precedence 
could be made out. Though scarcely convincing, there was some reason to think 
that chloral, morphine, papaverine and phcnacetin had a trilling influence in 
controlling the group incidence and severity of attacks. 

The authors were unable to find convincing evidence that any drug tested is 
worthy even of trial in the routine treatment of the disease. Though not widely 
applicable, a drug might of course be effective in individual cases, and examples 
were sought for, but, with a few exceptions, were not found. The nature of the 
underlying cause of angina pectoris alone would seem to make the quest for a 
sati.sfactory form of treatment on these lines unlikely of attainment. 

If none of these remedies are capable of lessening the frequency or severity of 
anginal attacks, there is all the greater need for a study of the application of 
those general measures known to control them and to promote the wider use of 
vnsodilator.«, such as trinit rin, which arc so often .successful in the palliative 
treatment or even in the prevention of particular attacks. 

Starr, Isaac, Elsom, K. A., and Keisinger, J. A.: Acctyl-p-Mctliylcholin. Am. J. 

Med. Sc. 186: .'UJ, 19:t;!. 

In experiments on -17 normal pcr.sons, acctyl-p-mcthylcholin chloride has proved 
to be a drug which when injected .subcutaneously in suitable dosage exerts a 
{•rompt and vigorous action. A fall in blood pres.sure, a rise of pulse rate, flush- 
ing. sweating, and salivation are the outstanding effects. Given by mouth this 
drag has a milder effect than that following subetitaneous injections. Given by 
the foruicr method, even in very large doses, it docs not cause discomfort, al- 
thmigh blood jircs'-ure and jmlse rate changc.s have been noted. The dosage re- 
qtsired to jifoduce effects by month is so much larger than when given subcutanc- 
ou-ly that the dcstniction of large amounts of the dnig in the gastrointestinal 
j.y.<tc!:5 ‘■‘.‘U’-s probable. 

In animal e\piriinent« an intravenous injection of acetyl-, q-inethylcholin 
rbloride ha-- effects on the cardiovascular svstejn essentially similar to those which 
fidb-w r-cetyl cholin, hut jttdging by the efferts wliich follow suhcntancons in- 
j'-r'.ions into norma! men, ucelyl-,9-mothylei!olin chloride is over ten times as 
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poAverful. It can also bo given by mouth, wiicrcns acetyl cbolin is ineffective 
wiion thus administered. It also lacks certain of the undesirable side effects of 
acetyl cbolin. It is believed, therefore, that acctyl-/5-mothylcholin chloride should 
supplant acetyl cbolin in all conditions in which that drug is used for therapeutic 
purposes. 

Abbott, W. Osier: Acotyl-j9-Methylcholiii. II. The Action on the Gastrointestinal 
Tract in Normal Persons, in Abdominal Distention and in Certain Other Con- 
ditions. Am. J. kicd. Sc. 18G: 323, 1933. 

Acctyl-/3-mcthylcholin by whatever route given affects the gastrointestinal tract 
as well as the other viscera supplied by the parasympathetic system. This effect 
is most satisfactorily achieved by oral administration, secretory and cardiovas- 
cular activity dominating the picture after subcutaneous injection. 

The usual gastrointestinal effects are an increase in tone and movement. This 
is not the case in the fasting stomach or in the small intestine during the period 
of falling pressure after subcutaneous injection. Beneficial clinical effects have 
been manifested by slight stimulation of gastric secretion in some cases of hj’po- 
chlorhydria, by a comfortable laxative effect in most persons taking large doses 
by mouth, but chiefly by the relief of abdominal distention in certain instances in 
which the usual procedures have failed. 

Starr, Isaac: Acetyl-^-Methylcholin. in. Its Action on Paroxysmal Tachycardia 
and Peripheral Vascular Disease, With a Discussion of Its Action in Other 
Conditions. Am. J. Jlcd. Sc. 186: 330, 1933. 

Acctyl-|3-niethylcholin has been employed in the treatment of certain types of 
cardiovascular disease. This drug causes effects similar to those following stimu- 
lation of the vagus and other parasympathetic nerves. It also causes peripheral 
vasodilatation. After subcutaneous injection, it has a prompt and vigorous action. 
Given by mouth the effects arc much milder. The untoward effects of the drug 
are described; they can be immediately abolished by atropine. 

Injected subcutaneously the drug has caused the immediate termination of 
twenty-four attacks of paroxy.smal tachycardia in 9 patients. In most of the at- 
tacks carotid pressure and other means had been tried unsuccessfully before the 
drug was given. In a few instances a combination of the drug’s action and 
carotid pressure terminated attacks which could not be stopped by carotid pres- 
sure alone. Failure was very infrequent except when the dosage was inadequate. 

The vascular spasm of Kaynaud’s disease when excited by mild degrees of 
cold was relieved or prevented by the action of the drug administered by mouth. 
The spasm following exposure to severe cold ■was but little affected. The discom- 
fort of three such patients was in part ameliorated by taking the drug by mouth 
during cold weather. 

The drug repeatedly caused a rise of the skin temperature of the feet in a 
patient with thromboangiitis obliterans. It caused a temporary reduction of 
blood pressure in most cases of hypertension. In one patient Cheyne-Stokes res- 
piration was abolished by the drug. The possible utility of acctyl-/3-methylcholin 
in certain other disease conditions is discussed. 
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TherapeutiQue MmiCALE. VI. COEUR ET Saxg. By ArM. A. Lcmairc, E. Donzelot, 

Cli. Aubertin, A. Clerk, G. !Marchal, JI. Boigey, !M. IMoiiquhi, P. EinileAVeil, A. 

Tzanck. Pp. 312. ISIasson &t Cie. Paris, 1933. 

This volimie is the sixth in a- scries of seven which comprise a system of theraxieu- 
tics prepared under the editorship of Professor M. Loeper. It is evident from the 
list of contributors that this volume represents the best modern French opinions 
concerning the therapy of diseases of the heart and of the blood. Tlie volume is 
divided into four parts, the first of wliich comprises the drug therapy of the various 
tjqjes of cardiac disease and of sjaieoxic and is chiefly from the jjen of Professor 
Loeper. The second jiart is a presentation of the dietetic regime for the treatment 
of the cardiopathies. The third deals with the treatment of arrhythmia and the 
fourth with diseases of the blood. 

The material is well arranged and the discussion ‘ of the employment of the 
various therapeutic agents is preceded bj' a brief but clear resume of the jjathological 
physiology, of the sjnnptoms and manifestations of the diseases, as well as by dis- 
cussion of the chief points in the ifliarmacology of the agents recommended. The 
agents are divided into those of major importance, such as digitalis, ouabain, etc., 
those of minor importance, and those which, while not acting upon the heart or 
blood vessels in any specific manner, can be regarded as adjuvants. 

The chapter on the treatment of the various forms of cardiac failure emphasizes 
ahnost exclusively the French viewpoint which gives special preference to the use 
of Nativelle’s digitaline (the crystalline digitoxin of the Germans) and Arnaud’s 
ouabain (crystalline strophanthin G.). Detailed directions are given for their 
dosage and administration which do not differ essentially from those employed 
by others. Much emphasis is laid upon the value of glucose and of calcium as sup- 
portive measures in the treatment of heart disease and measures %vhich materially 
enhance the activity of the digitalis bodies. It is rather striking to note the seem- 
ing impunity with which the administration of insulin is advocated in the treatment 
of cardiac failure. This is based primarily upon the conception of the value of 
glucose as a nutrient to the heart, and the corollary, that its utilization is enhanced 
by the simultaneous administration of insulin. Throughout the book many remedies 
are advocated as adjuvants which have largely been rejected in America. 

The section on diseases of the blood is rather too brief and is somewhat incom- 
plete. The authors have entirely omitted the discussion of pol}'cythemia vera, even 
though it was originally described by one of their own countrymen, Vaquez. The 
treatment of pernicious anemia is taken almost bodily from the work done in 
America. 

"While the book is well printed and avcU arranged, it is distinctlj" marred by the 
absence of any adequate bibliography and by the absence of an alphabetical index. 
The relatively small number of references which are given show a considerable 
number of seemingly careless inaccuracies. Despite these shortcomings, the volume 
is an excellent one and should prove of real value to those interested in the methods 
of treatment found best by the leading therapists of France. 

C. JE. 
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THE NATURE OP THE VASCUl.AR CO]\U\r,UNI CATIONS 
BETWEEN THE CORONARY ARTIHHES AND THE 
CHA^^IBERS OF THE IIEART^^'U 

Joseph T. Wearx, Stacy R. Mjzttikr, I\I,D., 
TiiEonoRE 0. Ki.umpp. i\LD., axd Louise J. EsciiiEsunE, A.B. 

Cleveevxi), Ohio 


•^HE existence of direct: vascular coimnunications between the cor- 
onary arteries and tlie cbainbers of Ibo lieart. lias been clainicd and 
denied. Such evidence as has been presented in favor of the existence 
of these channels has been indirect and based largely upon experiments 
in which perfusions and injections of the coronary vessels wore em- 
ployed. The use of the same general methods variously modified has 
led others to deny the existence of clianncls between the coronary ar- 
teries and the heart chambers. If such channels do exist they almost 
certainly play a role in the circulation of the heart, but at the present 
time there is no agreement as to the nature or the importance of that 
role. It seemed wise, therefore, to study tlic vessels by injections and by 
the rather tedious method of serial sections and wax-plate reconstruc- 
tions in order to establish tlieir anatomical and histological structure. 
Such Imov.dedge, if establi.shod, should be of definite value to those in- 
vestigators who, in studying the physiology of the coronary circulation, 
have been compelled to make one of two assumptions; namely, that vas- 
culai channels between the coronarj'^ arteries and the atria and ventricles 
either do or do not exist. 


iSyMtS’ injection cOTsrl- 

aiko Loboratory. livitSnaJ; S? i.™ «>» Thorn- 
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It is proposed to present here histological and other evidence of the 
existence of direct vascular channels between the coronaiy arteries and 
the chambers of the heart, as well as the results of certain observations 
upon the histological nature of these communicating vessels. 

The belief that the coronary arteries have direct vascular communica- 
tions with the chambers of the heart is not a new one. The idea was 
first advanced by Raymond Vieussens in 1705 in a letter to Monsieur 
Boudin, Conseiller d’Etat, Premier Medicin de Monseigneur le Dauphin. 
Boudin’s reply in which he acknowledged receipt of Vieussens’ letter 
was dated July 9, 1705. Vieussens’ letter was published in 1706.’- In 
it he related how, in examining the depth of the roots of a large polyp 
which had formed in the right ventricle of the heart of a man who had 
died of a slow fever accompanied by violent palpitation of the heart, he 
traced the firmest roots of the clot as far as certain holes which seemed 
to him to be the orifices of specific ducts. He made several similar ob- 
servations and from them concluded that Ijlood circulating in the medial 
and inner fleshy vessels of the heart was carried into the cavities by the 
duets in which the polyps first take root. Next he injected saffron dye, 
dissolved in spirits, into the left coronary artery and observed its passage 
into the left atrium and left ventricle, but none escaped via the veins into 
the right chambers. He called these communicating vessels “fleshy” (“le 
reste est pousse en partie dans le ventricule gauche de ce viscere par des 
vaisseaux, que j’appelerai charnus ey-apres”). Vieussens also dissected 
human hearts and the hearts of sheep and calves, and, %vith the aid of a 
microscope, found the small openings (ouvertures) in the chambers of 
all, in some instances with delicate valves over the openings while in 
others valves were lacking. He noted that many of the channels (con- 
duits) received blood from several fleshy vessels. To these he gave the 
name ‘ ‘ common vessels ’ ’ and to their orifices the name ‘ ‘ common open- 
ings” (“je les appeUeray des vaisseaux communs: j’appelleray aussi 
leurs embouchures des ouvertures communes”). 

These vessels and openings, so clearly described by Vieussens, have 
since been confused with somewhat similar ones described by Thebesius^ 
two years later in 1708, and as a result all such vessels are now com- 
monly known as thebesian veins. Thebesius injected certain substances 
into the coronary veins and noted their escape into the heart cavities 
through small openings in the endocardium. He was familiar mth 
Vieussens’ work and so states in his paper. 

Thebesius’ belief that the vessels were connected only with veins was 
supported by several anatomists of the day and Vieussens’ work was 
soon forgotten. Lancisi® in 1740 injected mercury into the coronary 
arteries and observed its appearance in the heart chambers, but believed 
vuth Thebesius that it escaped through venous channels (thebesian 
veins). In 1798 John Abernethy,^ by making a “common coarse. waxen 
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injection” into the coronary arteries, ol3Scrvecl that it flowed readily 
into the cavities of the heart. Ho also injected masses of a different 
color into the arteries and veins and concluded that Amssels from arteries 
and veins communicated Avilh the heart chambers ‘‘because the injection 
which was employed was too coarse to pass from one sot of vessels to 
the other, and yet the different colored injections passed into the cavities 
of the heart unmixed.” 

Then followed a period tliat might be termed the dark ages for the 
‘‘vaisseaux chaimus” and the thebesian veins, but it came to an end 
AAoth the work of F. H. Pratt/* in 1898 who, by means of perfusion of 
defibrinated blood through the ventricle of a cat’s heart, kept it beating 
for an hour. This very important work furnished the first experimental 
evidence that the thebesian Amssels might serve as an entrance for blood 
from the ventricles into the capillaries. 

Iir 1928, Weam® perfused the coronary arteries of human hearts with 
India inlc and observed that the iierfusate for the most part escaped into 
the chambers of the heart through the thebesian vessels. Histological 
sections of these hearts revealed the fact that very few, and in many 
instances scarcely any, of the capillaries contained ink particles. More- 
over, when a celloidin mass too thick to pass through capillaries was in- 
jected into the coronai’j’’ arteries, celloidin plugs were found protruding 
fi'om small openings in the endocardial walls of the atria and ventricles, 
while the capillary bed remained uninjected. From these experiments 
the conclusion Avas draAATi tliat direct vascular communication existed 
betAveen the coronary arteries and the heart chambers. F. H. Pratt* 
has also obseiwed phigs of gelatin protruding from the tliebesian open- 
ings after injectioAA of this thick mass into the coronary arteries. IMet- 
tier, Zschieselie, and WeariF in 3929, and Wcarn, Klumpp, and Zschie- 
sche® in 1932 published the preliminary results of some cxi)eriments 
Avhich are reported in full in this paper. 

Grant and Viko^° in 1929 injected the thebesian vessels through their 
endocardial foramina and through the coronary vessels. They used 
finely draAAm. glass cannulas of such sizes as to fit snugly into the 
endocardial foramura. Their injection pressure Avas produced by bloAv- 
ing from the mouth into the injection system. By this means a pressure 
of about 50 to 60 mm. Hg aa^s obtained. They Avere able to confirm the 
existence of anastomoses betAA*een thebesian A^essels and coronai*y veins 
and described several types of venous anastomoses. They also injected 
the coronary arteries but failed to find evidence of direct arterial com- 
munications and concluded that “the coronary arteries communicate 
Avitli the thebesian vessels only through capillaries.” 

Stella^^ in 1931 employed the denervated heart-lung preparation in 
dogs in an attempt to test the claim of the existence of communications 
between the arteries and heart cavities by a physiological method. He 
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was able to maiiitam the pressure ivithin the ventricles and drop the 
pressure vdthin the coronary arteries and, since under such .conditions 
he was unable to demonstrate back-flow from the chambers into the 
arteries, he concluded that his work did not support the existence of 
large channels connecting the thebesian veins with the coronary, arteries. 

Granrt- in 1926 found in a child’s heart, which presented a congenital 
anomalj’’, persistent channels communicating freely with the heart cav- 
ities and with the coronary arteries,, veins, and capillaries. . Bellet, 
Gouley, and McMillan^^ in 1933 reported dilated sinusoids or thebesian 
veins in a heart which showed an advanced tuberculous fibrocaseous in- 
filtration. 

In view of the lack of agreement on the existence of vascular con- 
nections between the coronary arteries and the heart chambers, the ex- 
periments reported in this paper were devised and carried out. 

I\IETHODS AND OBSERVATIONS 

Human hearts obtained at necropsy , were used in the experiments re- 
ported in this study. No effort was made to select normal or abnormal 
hearts. Hearts were accepted for injection whenever, they could be ob- 
tained from the necropsy table. The causes of death covered a wide, 
range, but it so happened that none of the hearts showed any gi’oss 
evidence of any pathological process. 

The use of thick celloidin as an injection mass offered a method of 
approach in determining the presence and constancy of arterial com- 
munications with the heart chambers. In a previous experiment® it 
was found that celloidin could be prepared in a suspension sufficiently 
thin to pass through arteries and arterioles but too thick to penetrate the 
capillaries. The injection mass consisted of a 5 per cent solution of 
celloidin in acetone. A blue fluid mass was obtained by mixing crystal 
violet and brilliant green with the celloidin, and a red fluid mass was 
made by the addition of alkanin to the celloidin.^'* The red celloidin 
mass was used in making a cast of the ventricular chambers, and the 
blue for casting the coronary arteries. The follomng experiment is a 
rtTpical one and illustrates the method; 

PROTOCOL 

Heart 10. Male. Aged thirty-two years. Death was the result of staphylococcus 
septicemia. The heart was placed in the ice box for twenty-four hours to allow 
for the passing off of rigor mortis, following which it was gently massaged in warm 
salt solution to break the remaining rigor and to remove all blood clots in the 
chambers. The coronary sinus and the tricuspid valve were closed by purse-string 
sutures. (In some instances the valve leaflets were everted and clamped.) A 
cannula was tied into each coronary artery and into the pulmonary artery. The red 
celloidin mass was injected through the cannula in the pulmonary artery into the 
right ventricle at a pressure of 160 mm. Hg, and this pressure was maintained until 
the experiment was completed. At the same time, suction was applied to the 
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cannulas in the coronary arteries. After a lapse of ten minutes the suction was 
discontinued, care being taken to prevent the entrance of air, and the blue mass was 
injected into the coronary arteries at a pressure of ISO mm. Hg. This pressure was 
maintained for fifteen minutes, after which the cannulas were clamped off and the 
heart was plunged immediately into ice water where it remained for forty-eight 
hours to permit maceration of the muscle. The heart was then placed in 75 per 
cent HCl for seventy-two hours, during which time the acid was changed twice. 
This usually completed maceration of the muscle. The ca.st was washed free of 
muscle by playing a very fine stream of water on the debris. (Extreme care was 
necessary in this procedure to avoid breakage of the finer vessels.) After washing, 
the cast was mounted. 

A reproduction of a painting of this specimen is shown in Plato I, 
Pigs. 1 and 2, and a photograpli of the same. sjtecimcn in Plate II, Pig. 1. 
The specimen consists of a solid red cast of the chamber of the right 
ventricle and blue easts of the anterior branches of tlic right and left 
coronary arteries. It is to be noted that some of the terminations of the 
branches of the anterior Itraneh of the riglit coronary artery are red 
in color. These red tips vary from 4 to 15 mm. in length. The distal 
ends are continuous with the red mass in the ventricles, and the prox- 
imal ends fuse smoothly with the blue mass in the arteries. Such ves- 
sels when grasped between the fingers or with forceps arc found to be 
firmlj’’ attached by this red tip to the ventricular mass, showing complete 
fusion of the two celloidin masses. The cast of the vessels is smooth 
and round and shows no lateral communications. Capillaries are not 
injected. It is evident, therefore, that the red celloidin mass has found 
its way directly from the right ventricle into the tei’minations of the 
right coronary artery, as shown by its fusion Avith the blue mass in- 
jected into the artery at its origin. The pressure within the right ven- 
tricle probably aided in the entrance of the red mass into the ends of 
the branches of the coronary arteries. 

Pifteen human hearts Avere injected according to the technic described 
in the preceding protocol. In all of the final specimens red tipped 
terminations of arteries fused to the ventricular mass Avere found. The 
number of these vessels in each heart varied Avilh the completeness of 
the injection and Avith the degree of damage that occurred during the 
Avashing process. A composite of all of the specimens injected Avould 
average about twenty to tAventy-five communicating arteries scattered 
generally over the heart Avails. It is not felt that these figures repre- 
sent the total number of communications, for in many instances it Avas 
obvious that the injection was incomplete. 

These communicating vessels betAvecn the coronary arteries and the 
ventricles usually had their origin from the main trunks of the coronary 
arteries during their course toAvard the apex of the heart. Many of the 
deeper branches of the arteries lying near the endocardium also gave 
off frequent branches. As many as eight to ten conunuiricating branches 
Avere frequently seen in the course of the anterior branch of the left 
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Fiff. 1. Fig. 2. 



Fig. 3. 
Plate II. 


Fig. 1. — Heart 10. A photograph of the same specimen shown in the painting in 
Plate I, Figs. 1 and 2. 

Fig. 2.— Heart 9. A celloidin cast of the right ventricular chamber and the coro- 
nary arteries. It shows firm fusion of the tips of some of the arteries with the cast of 
the chamber. 

fSee opposite page for explanation of Fig. 3.) 
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coronary artery from the base to tlic apex, and several openings were 
usually found near the apex of the ventricles. In one specimen in 
which both ventricles were injected, communicating vessels passed from 
the left anterior coronary artery to both chambers. From six to eight 
vessels were found with great regularity in the upper two-thirds of the 
anterolateral surface of the right ventricle. They have not been dem- 
onstrated with as great a frequency on the posterior surface of the heart, 
but in one well-injected specimen there were six entering the right ven- 
tricle posteriorly. Many of these vessels terminated not only on the 
surface of the columnac canicae, as represented by the depressions in 
Plate I, Figs. 1 and 2, and in Plate 11, Fig. 1, but in the intercolumnar 
spaces as well. 

In order to determine the relation of the arterial terminations to 
those of the veins a heart was prepared in the following manner: 

PROTOCOE 

Heart 11. Male. Aged thirty-four years. Died of pueumouia. Tlic heart ■was 
placed in the ice box for forty-eight hours and then washed and massaged in the 
usual manner. A cannula was tied into each coronary artery ; one in the pulmonary 
artery and one in the coronary sinus. The tricuspid valve was closed and made 
water-tight with an Ochsner clamp. A red celloidin mass was injected into the right 
ventricle at a pressure of ICO nun. Hg and suction was applied to the cannulas in 
the coronary arteries and in the coronary sinus. After fifteen minutes the suction 
apparatus was removed in such a manner as to prevent the entrance of air, and 
the blue mass was injected into the arteries and into the coronary sinus. Some of 
the dj’e escaped from the veins into the atria. Pressure was released at the end of 
fifteen minutes and the heart was plunged into ice water. The specimen was 
macerated and mounted by the technic described in the preceding protocol. 

The specimen consisted of a solid red celloidin cast of the chamber of 
the right ventricle. Study of this specimen showed not only the red 
tips to the arteries as previously described, but in addition, several 
small red tips to the veins which were firmly fused with the blue mass 
in the veins, thus providing direct evidence of venous communication 
with the venti’icular chambers. This finding of venous connections noth 
the ventricles was in agreement with former work® in which serial sec- 
tions demonstrated direct communication between thebesian vessels and 
the coronary veins. 

The evidence for the existence of communicating vessels between the 
coronary arteries and the heart chambers in fifteen consecutive hearts 


Plate It (ContinuedE Pis'. 3. — Heart 23 Kb. A photograph of a wax-plate recon- 
struction of a sect^n of the left ventricular wall neai* the apex, in which is shown tWe 
(E®) through •which several "arterio-luminal” vessels and “myocardial 
sinusoids open into the lumen of the ventricle. Several intertrabeciilar 
shown. The wax has been dissected away to show the aHeries ( A^ X, afd AO 
TOmmunicate with the cavity through the common opening. The dotted rectangle Includes 
the tissue from which serial sections shown in Plate HI, Pig 2 and Plates IV V anri 
Structures shown in this figure and in Plafis II! and vi are 

froni the same heart and aie designated identically for comparison This nhotogranh 
has been reduced to approximately three-fifths of the size of the original model IdflS 
was constructed on a magnification of 20 times the origfnal block^ of tissue! 
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seemed conclusive. Vieussens^ called these vessels “vaisseaux charniis” 
or fleshy vessels. His reason for so designating them, however, was 
based upon a misconception. He believed that the myocardium was 
made up of vessels springing from the coronary arteries “as hairs from 
a Avig” and he made no distinction betAveen the vessels and the muscle 
flbers. For the sake of clarity and to avoid confusion, this group of 
vessels aatII henceforth be referred to in this paper as “ arterio-luminal ” 
vessels. This term is suggested inasmuch as they run from the coronary 
arteries into the lumen of the heart. For those connecting vessels be- 
tAA^een the coronary arteries and the atria the term “arterio-atrial” ves- 
sels might be used, and similarlj'^ for those betAveen the coronary arteries 
and the ventricular chambers tlie term “ arterio-ventricular “ vessels 
might be employed. 

Inasmuch as the structure of such Amssels had never been described, 
the next step in the study Aims obAdous. Moreover, it Avas felt that, if 
one of these vessels could be identifled in the intact heart Avail, a block 
of tissue containing it could be removed, sectioned serially and recon- 
structed. Such a study, if carried out successfully, shoifld ansAver the 
possible criticisms that the connections shoAAm in the celloidin casts Avere 
due to artifacts. In addition, it should establish beyond question the 
arterial origin of the communications and reveal the histological struc- 
ture of the vessels themselves. 

In approaching this task, several difficulties Avere encountered Avhich 
necessitated a change in the injection mass emplojmd. It Avas a simple 
matter to identify the celloidin plugs protruding from the openings 
of the “arterio-ventricular” communicating vessels, but, in the course of 
flxation, dehydration, mounting, and staining, the celloidin Avas dis- 
solved and the vessels coifld not be traced. In order to overcome this dif- 
ficultj'-, a suspension of Berlin blue in gelatin'* AA’-as selected as an in- 
jection mass. A fcAv experiments revealed, hoAvever, that this mass 
penetrated the capillaries and thus made it extremely difficult to folloAV 
the “arterio-luminal” communicating A'cssels. A method had to be 
deA'ised, therefore, AAdiich Avould keep the gelatin from entering the 
capillaries. It Avas necessary of course to carry out the gelatin injections 
at a temperature slightlj’- above the solidifying point of gelatin. This 
Avas accomplished by immersing the heart, injection bottle, and connect- 
ing tubing in a tank of AAmter at the proper temperature. It A\’as found 
that the introduction of cold salt solution into the Amntricles at the ap- 
propriate time caused a chilling of the myocardium AA'hich alloAA'ed the 
gelatin to floAV through the arteries and arterioles but aided in the pre- 
A'ention of its entiance into the capillaries. Under such conditions, it 

•Tl-.c injection mass was made \ip as follows; Soak 100 grams of Silver Label gelatin 
(Micliigan Carbon AA'orks) for two hours in l.AO c.c. of distilled water. AA'^arm oyer 
a water-bath until the gelatin dissolves, then add 5 grams of Berlin blue suspendea 
in 100 c.c. of distilled water and thoroughly mix. Add 1 gram of thymol and filter 
the mass' throtigh several thicknesses of gauze. 



WEARN ET AL. : VASCULAR COAIAIUNICATIONS 


151 


Avas possible to inject the “arlerio-luminnr’ communicating vessels with 
out filling the capillary bod. When the heart was opened, solid gelatin 
pings were found proirnding from the endocardial openings of the 
channels, the gelatin having solidified on contact with the chilled .salt 
solution in the ventricular cavities. 

A block of heart muscle containing the opening, from which the 
gelatin protraded, was excised and idaced under a binocular bi-objcc- 
tivc dissecting microscope where the opening was identified and marked 
with India ink. The tissue block was then fixed and imbedded in paraffin 
preparatory to cutting serial sections. The following protocol illustrates 
the method : 

PROTOCOI. 

Heart 23 Kb. Aged tliirty-five years. Death re.siiltcd from lobar pneumonia. 
Heart weight -140 gm. (This weight was recorded before large clots were removed 
from the cavities.) This experiment was started forty hours post-mortem. Blood 
clots were removed from the ventricles so far as was possible. The coronary sinus 
and posterior great veins were tied olt near their entrance to the right atrium. The 
coronary arteries were cannulatcd. Kubber tubing was led into the left and right 
ventricles through the aorta and the pulmonary artery respectively for the purpose 
of introducing chilled salt solution into these cavities. The aorta and pulmonary 
artery were closed by filling the space around the rubber tubing with cotton. The 
atrio-ventricular valves were then closed by placing cotton pledgets in their openings. 
These steps were taken in order to seal the ventricular chambers, thereby preventing 
the entrance into them of gelatin from any source other than from the openings in 
their own walls. The coronary cannulas and the rubber tubing connecting them 
until the bottle of injection mass were warmed and filled with gelatin after the 
removal of all air. The heart and injection apparatus were then placed in a water- 
bath at a temperature of 25° C. preparatory to starting the injection. The tem- 
perature of the gelatin was 53° C. Physiological salt solution chilled to a tem- 
perature of -2° C. was introduced into the ventricles in sufficient quantity to fill 
the chambers. After a lapse of approximately one or two minutes, the injection of 
Berlin blue gelatin into the coronary arteries was begun. The flow soon ceased but 
the injection pressure of 220 mm. Hg ivas maintained for about five minutes. 

After sufiicient time had elapsed to allow for solidification of the gelatin, the 
heart was opened with great care in order to prevent the entrance of any gelatin 
from the outside. The cotton pledgets in the atrio-ventricular valves, as well as 
those in the aorta and pulmonary artery, were inspected and removed. No leakage 
of gelatin into the ventricles had occurred. 

Inspection of the myocardium showed an excellent injection of the main arteries 
and arterioles. That part of the heart muscle which received mogt of its blood 
supply from the left coronary artery showed some capillary injection immediately 
beneath the pericardium where the muscle had not been chilled. There was no 
evidence of capillary injection in the muscle supplied mostly by the right coronary 
artery. 

Blocks of the heart wall showing gelatin protruding from the endocardial open- 
ings were removed from the follorving positions for study: 

1. Eight ventricle: Septal wall, halfway between pulmonary valve and apex. 

2. Left ventricle: At the apex from a pocket formed by the junction of two 

trabeculae. (It is from this tissue that the reconstructions shown in Plate II 
Pig. 3, and Plate III, Pig. 1 were made.) ’ 
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Tlie tissue removed from the Jefl ventricle in the experiment just de- 
scribed was fixed, imbedded in paraffin, cut into serial sections eight micra 
thick, mounted and stained with van Gieson’s stain. Careful study of 
these sections revealed convincing evidence of direct communications be- 
tween the coronary arteries and 1.he chambers of the ventricles. 

Inasmuch as these communicating channels frequently ran tlirough 
many of the histological sections, it was obviously impossiljlc to .publish 
photographs of all the sections. All sections were cut eight micra thick 
and for this reason sharp photomicrographs could not be obtained in each 
instance. It was felt, therefore, that the vessels should be reconstructed, 
inasmuch as such a procedure would submit our microscopic observations 
to a further test of accuracy. In carrying out the reconstruction, it was 
our good fortune to have the constant guidance and criticism of Dr. 
Bradley M. Patten of the Department of Histology in the School of 
kledicine of "Western Reserve University. Dr. Patten’s wide experience 
in this field made his advice and help invaluable. 

A reconstruction in wax (Plate II, Fig. 3) was made of the block of 
myocardium according to the Born wax-plate rceonstiuction method in 
order to show the gross relationship of the arteries to the common opening* 
in the endocardium and to dctei-mine whether the common opening, into 
which the communicating vessels opened, connected with other inter- 
trabecular spaces. This model was constructed on a scale twenty times 
the size of the original block of tissue. Its purpose was to show only 
gross relationships which might serve as guides in the construction of a 
second model of greater magnification. The wax has been dissected 
away in order to bring the arteries into view. Reference to the figure 
(Plate II, Fig. 3) will show three arteries lying in close proximity to the 
common opening from which the gelatin plug protruded before its re- 
moval in the process of imbedding. Branches from all three of the 
arteries shown opened into the common opening, and the common opening 
itself was found to communicate with three other intertrabecular spaces 
shown in the model. The lettering of the structures in the figure (Plate 
II, Fig. 3) is identical with that used for all other plates of the same 
heart (H 23 Kb) and is so arranged that the same structure is desig- 
nated by the same letter in Plates III, W, V, and VI. For instance, 
Aj represents the same artery in each of these plates. 

*The term “common opening” is used in the sense that Vieussens used it, namely, 
to Indicate an _inpocketing of the endocardium into wliich several vessels opened. 


Plate in. Pig. 1. — Heart 23 Kb. Photograph of a wax-plate reconstruction of the 
“arteriosinusoidal” vessels and the "myocardial sinusoids” in the block of tissue shown 
within the broken lines in Plate II, Pig. 3. The structures shown in the model represent 
reconstructions of the lumina of the vessels. For instance, Ai is an artery, ASi is a 
branch of the artery which empties directly into the common opening (CO) which is 
an inpocketing of the endocardium of the left ventricle. At and CO, for Instance, are 
shown in Plate II, Fig. 3, and are labeled identicallv. This wax-plate reconstrucuon 
was made on a scale of 200 times the original. This photograph is approximately 
one-fifth of the actual size of the model. 

Fig. 2. — Heart 23 Kb. A photograph of one of the serial sections from which the 
model in Fig. I of this plate was reconstructed. The various structures in this figure 
are designated identically with those in Fig. 1. END = endocardium. MS = “myo- 
cardial sinusoid.” CO = common opening. AS = “arterio-slnusoidal” vessel. A = 
artery. OMS = opening of a “myocardial sinusoid” into the lumen of the ventricle. 
Numbers appearing after letters enable one to identify the same structures in Plate 
11. Fig. 3, and Plates III, PV, V, and VI. (X41) 
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Flff. 1. 



Fig. 2. 


Plate III. 


(See opposite piage for explanation of Figs, 1 and S.) 
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111 one particular part of the block of myocardium which was used in 
making the serial sections, a immlicr of arterial branches were found 
which communicated with the lumen of the ventricle via the common 
opening. This area is indicated by the dolled reclangle in Plate II, 
Fig. 3. It was found that .several communicating vessels lay within this 
small space; consequently, it was selected for a second reconstruction. 
In carrying out this reconsl ruction, llie lumina of the blood vessels and 
of the intertrabecular space were reconstructed so that in the final state 
the model represented a cast of the cavities of the blood vessels and their 
openings into the lumen of tlie ventricle through a common opening. 
The drawings used in the reconstruction of this model were made from 
projections of the individual sections at a magnilieation of 200 diameters. 
Plate III, Fig. 2 is a low power photomicrograph of one of the sections 
used in the reconstruction of the model shown in Plate III, Fig. 1. 

Completion of the model of the vessels furnished confirmation for our 
microscopic observations. Moreover, the careful study of the sections 
which was necessary for accurate reconstruction brought to light two 
distinct groups of vessels which serve as communicating channels be- 
tween the arteries and the heart chambers. A vessel of the fir.st group 
is usually a small branch of a coronary artery which gradually loses its 
arterial character through changes in its wall due to the loss of the 
media, thinning of the intima, and a gradual disappearance of the 
adventitia. Such a vessel breaks up into channels whose lumina are 
very irregular. The walls of these channels arc very thin and are made' 
up of endothelium only or of endothelium reinforced by a minimal 
amount of subendothelial connective ti.ssuc. The diameters of these 
channels may vary from 50 to 250 miera. The charaetcristios of these 
vessels are identical with those of sinusoids as described by jMinoP'’ in 
1900. Their walls lie in close contact with tlio heart muscle, running 
between bundles of muscle fibers and at times between the fibers them- 
selves. Hereafter, in this paper these channels will be referred to as 
“myocardial sinusoids.” The arterial branches which supply the 
sinusoids will be referred to as the “arterio-sinusoidal” vessels. Such 
a name indicates the origin and the distribution of the vessels. An 
“arterio-sinusoidal” vessel is slioA\m in Plate V, Figs. 1, 2, 3, and 4. 
A “myocardial sinusoid” is also shown in Plate V, Pigs. 4 and 5. The 
fact that the wall of the “arterio-sinusoidal” vessel is arterial in char- 
acter at the beginning and gradually changes to that of a simple 
endothelial tube of irregular lumen and diameter makes it inadvisable 
to call it either artery or vein. It can be differentiated with ease from 

Plate rv. Pig. 1. — ^Heart 23 Kb, section 139. The branching of the artei-y (Ai) is 
shown. The branch (ASi) divifles into “myocardial sinusoids” (MSi) which empty into 
the common opening (CO) at (OMSi). See Fig. 2. (X361) 

Fig. 2. — ^Heart 23 Kb, section 142. Shows the opening of the "mjmeardial sinusoid" 
(MSi) into the common opening (CO). (X340) 

Pig. 3. — Heart 23 Kb, section 137. Shows a .section of the "arterio-sinusoidal” vessel 
(ASi). The wall of the artery (Ai) from v/hich it arises is shown. 
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a. ca.pilla.iy bj’- its much greater diamelci- and b.y its irregular lumen. 
The “ artcrio-sinusoidal ” vessels may lose llieir arterial character im- 
mediately after branching from the artery (Plate V, Pigs. 3 and 4). 
At times these vessels may give off a branch which divides into capil- 
laries. 

The “myocardial sinusoids” run a meandering course, anastomose 
very freely with one another and not infreciuently with ca])illarics, and 
open into the lumen of the ventricle either directly or through a common 
opening. The model (Plate III, Pig. 1) illustrates the origin of the 
“arterio-sinusoidal' ’ vessehs. It also shows the anastomosing “myo- 
cardial sinusoids” and their openings into the common opening which 
is a simple inpoeketing of the endocardium (Plate III, Pig. 1). In some 
instances, the “myocardial sinusoids” may run a direct course from 
the “arterio-sinusoidal” vessel to the lumen of the ventricle. (Sec 
Plate III, Pig. 1, A2 and i\rS2, and Plato VI, Pig.s. 1 and 2.) 

"When closed and empty, the “myocardial sinusoids” resemble closely 
and are easily mistaken for strands of fibrous tissue. One frequently 
finds a “mj’ocardial sinusoid” cut longitudinally witli .small pockets of 
erythrocytes here and there to identify it as a vessel. Between the 
pockets of erj’throeytcs the Avails may lie against one another and re- 
semble someAvhat similar structures in the bone marroAV. 

The similarity of the Avails of the “myocardial sinusoids” to those 
of capillaries and the somcAA’hat similar distribution betAA'een, and in 
close contact Avith, muscle bundles and muscle fibers Avould indicate that 
the “myocardial sinusoids” play a definite role in supplying parts of 
the heart AA'ith blood. 

The second type of communicating A'cssels observed ran much more 
directly from the coronary arteries to the lumen of the Amntricle. These 
A’^essels Avere similar to and undoubtedly identical Avith the “arterio- 
luminal” Amssels described earlier in this paper and reproduced in Plate 
I, Pigs. 1 and 2, and Plate II, Pigs. 1 and 2. The finding and identifj’’- 
ing of the “ arterio-luminal ” Amssels by histological methods and the 
tracing of their course from the artery to the heart lumen by recon- 
struction are coirfirmatory of the experiments in AAdrich celloidin in- 
jections Avere employed and Asdrich AAmre described earlier in this report. 
TAAm photomicrographs of “arterio-luminal” Amssels are shoAAm in Plate 


Plato V. Pig. 1. — Heart 23 Kb. section 183. Shows the branching of an "arterio- 
sinusoidal” vessel (ASs) from an artery (Aj). (X410) 

Pig. 2. — ^Heart 23 Kb, section 180. Shows the artery (Aj) and the “arterio-sinusoidal” 
vessel (ASg). Note the thickness of the wall. (X372) 

Pig. 3. — Heart 23 Kb, section 152, Shows the arterj’ (As) at the extreme right edgei 
of the figure and the "arterio-sinusoidal” vessel which has divided (ASs) at the left. 
(X270) 

Pig. 4. — Heart 23 Kb. section 137. Shows the "arterio-sinusoidal” vessel (ASil 
with the wall much thinner. At the right of the section a “myocardial sinusoid” 
(MSs) is shown. (X410) 

Pig. 5. — ^Heart 23 Ivb, section 133. Shows the "myocardial sinusoid” (MSal into 
which the "arterio-sinusoidal” vessel (ASi) opened. (X410) 
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VII, Figs. 2 and 3, and Plate VIII, Fig.s. 1, 2, 3, and 4. These vessels 
usually run a direct, short course from the aricry to the licart cavity. 
Even in their relatively short course, however, some of tlicse vessels give 
off branches which break up into ca])illaries. 

The walls of these vessels are thicker than tliose of the "arferio- 
sinusoidal” vessels and they retain their thickness almost to the point 
of entrance of the vessels into the heart cavity. At. times, however, 
they lose their tliiek walls immediately after brandling from tlie parent 
artery. The actual thiclmess of the walls or the actual diameter of the 
lumina is difficult to measure, since none of these vessels was found with 
its lumen completely filled or distended. Several diamelei’s of ve.ssels 
in the collapsed state were measured and ranged from 0.04 mm. to 0.2 
mm. The diameters of the “ artcrio-hnninal ” vessels as estimated from 
the celloidin cast (Plate II, Pig. I) ranged from 0.2 mm. to 1.0 mm. 

The “ arterio-luminal ” branches of the coronaiy arteries were found 
to communicate with the atria and ventricles. They ajjpeared to bo 
more numerous in the venti-iclcs than in the atria. 

In view of the fact that the large number of “artcrio-sinusoidal” 
branches and "arterio-luminal" vessels just described were observed in 
one small block of myocardium, a search was started for similar vc.sscls 
in other hearts which had been injected by various methods.® The 
search was soon rewarded, for in the first two hearts studied “artcrio- 
sinusoidal” vessels were found and the “myocardial sinusoids” were 
easily recognized. In the third and fourth hearts studied, several 
“arterio-luminal” vessels were discovered (Plate VII, Figs. 2 and 3, and 
Plate VIII, Pigs. 1, 2, 3, and 4). In five consecutive human hearts 
studied, therefore, “arterio-luminal” or “artcrio-sinusoidal” vessels 
were found. Inasmuch as the “myocai’dial siniisoids”' open into the 
lumen of the ventricle, it follows that in tissiic from five consecutive 
hearts from which serial sections had been ])rc])ared direct vascular com- 
munications between the coronary artciacs and the heart chambers were 
observed. 

Eecent contributions have shomi that the coronary circulation is not 
limited to the common order of vessels — artery, capillary, and vein — ^but 
is safeguarded by other channels which offer collateral routes for the 
blood stream. The thebesian veins, for instance, have been sho'wm®’ ®’ 
to communicate with the cardiac veins, with the capillaries, and with 

Plate VI. Fig:. 1. — ^Heart 23 Kb. section 139. Show.s artery (Aa) from which an 
"arterio-sinusoldal” vessel (AS-) has Just branched. The "arterio-sinusoidal” vessel 
(AS 2 ) opens into the "mjmeardial sinusoid" (MS 2 ). (X360) 

Pig. 2.— Heart 23 Kb, section 139. Shows the same “myocardial sinusoid” (IMS:) 
as shown in Pig. 1 as it approaches the ventricular cavity via the common opening 
(CO). The actual opening, while not shown in this section, is in the region labeled 
OMS 2 . At the top of the figure can be .seen a cir>.s'>ri "myocardial sinusoid” (CMS). 
Note the fact that MS- is also closed in places. (X3G0) 
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Fiff. 1 


Fig. 


Fig. 3 


Plate VII. 

Pig. 1. — Heart 23 Kb, section 142. Shows a "myocardial sinusoid” (MS) approach- 
ing the common opening (CO). (X340) 

Fig. 2. — Heart 52. .Shows an "arterio-luminal” vessel (AL<) branching from the 
artery (A) and approimhing the common opening (CO). Note the wall of the "arterio- 
luminal” vessel. (X158) 

. (See opposite page for further explanation of Plate VII.) 
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one another. ]\Iore recently Hudson, Moritz, and Wearn^" have demon- 
strated extensive cxtracardiac anastomoses of the coronary arteries which 
extend into the mediastinum, lungs, parietal pericardium, both surfaces 
of the diaphragm, and through the vasa vasorum to the abdominal aorta. 
The evidence presented in this paper gives additional support to the 
claim made by Wearn'’ in 1928; namely, that direct vascular com- 
munications other than capillaries exist between the coronary arteries 
and the chambers of the heart. If these various vascular channels are 
introduced into the scheme of the coronary circulation, it can be set up 
in a diagrammatic fashion as follows: 


EXTRACAROIAC 

BRANCHES 


^ARTERIO-LUMIHAL VESSELS-* ^-HEAAT CHAMBERS 

If 

CQQOHADY/ AeIMS-KORONARY SINUS — >-RI0HT AURICLE 

AORTA->.-„„,c- HVARTERlOLES-t-CAPILLARIEV 

ARTERIES \ ^THEBESIAM VEINS-^ »-HEART CHAMBERS 


. II II 

ARTERIO- 
SiflUSOlDAL 

VESSELS StMUSOIDS 


->HEART chambers 


Blood entering the coronaiy arterie;?, therefore, has a possible exit 
through any one or all of four routes: 

1. By extracardiac anastomoses; 

2. Bj'" way of the capillaries and veins 

(a) into the coronary sinus or great cardiac veins and thence into 
the right atrium, or 

(b) through the thebesian veins into the heart chambers; 

3. By way of the “ arterio-luminal ” vessels directly into the hcai’t 
chambers; and 

4. By way of the “ arterio-sinusoidal’ ’ vessels through the “myo- 
cardial sinusoids” into the chambers. 

The last three systems also anastomose with one another. This struc- 
tural diagram is proposed in order to indicate the arrangement of the 
vessels and not to show the direction of the flow within them. 

A somewhat similar diagram of the circulation was published by 
Wearn® in 1928, in which evidence of vascular connections between the 
coronary arteries and the heart chambers Avas presented. Inasmuch as 
the findings were based upon anatomical studies, no definite conclusions 
were drawn as to the function of the “arterio-luminal” vessels. No 


Plate VII (Continued) Fi&. 3.— Heart 52. Shows the artery (A) and the “artero- 
(AL) Which empties into the common opening (CO) at (OAli). 

v, X158) 

Figs. 2 and 3 are photographs of consecutive serial sections A - arterv AT — “nr 

thevlnH^cfi. ‘‘avterio-luminar-%e4el int"'lheAu.nen"of 


/ 



162 


THE AMERICAN HEART JOURNAL 


claim was made that the coi’onary capillaries were perfused during 
systole as quoted by Stella, “ but certain speculations were indulged in 
which have led him to enter the field and search for the “arterio- 
luminal” vessels by means of a physiological method. Employing the 
denervated heart-lung preparation, he attempted to establish back-flow 
from the ventricles into the coronaiy arteries. Under the conditions 
of his experiment, the heart would beat for “one or two minutes” before 
beginning to fail. During these two-minute periods he was unable to 
establish back-flow from the chambers to the arteries and, therefore, 
concluded that channels between them did not' exist. His results are 
not surprising, for it was pointed out in 1928® and emphasized by 
Leary and Wearn^® in 1930 that, if sufficient time were allowed, the 
thebesian — and this should now include tlie “arterio-sinusoidal” vessels 
and the “myocardial sinusoids” — could substitute for the coronary 
arteries in supplying blood to the myocardium. Stella’s failure to 
reverse the normal direction of flow and establish a back-flow in a fail- 
ing heart within two minutes seems to us to have little, if any, bearing 
upon the existence of vascular channels between the coronary arteries 
and the heart chambers. Such negative evidence certainly caimot be 
admitted as proof that such channels do not exist. 

The failure of Grant and Viko^® to find communicating vessels be- 
tween the arteries and the heart chambers led them to deny their exist- 
ence. The methods employed by these Avorkers were probably to lilame 
for their failure. The common openings, into which the “arterio- 
luminal” vessels and “myocardial sinusoids” open, frequently com- 
municate freely Avith the intertrabecular spaces, and this fact alone 
Avould render injection from the endocardial end almost impossible. 
MoreoA^er, the openings of the “ arterio-luminal’ ’ vessels usually lie 
deeplj^ concealed in the intertrabecular spaces, and it is possible that 
Grant and Viko injected only the thebesian A^eins and did not find any of 
the “arterio-luminal” openings. 

, In our hands, many failures AA’ere experienced at first in attempting 
to inject the communicating vessels Avith celloidin and gelatin. The 
celloidin frequently solidified upon coming into contact Avith fluid in the 
arteries. The failure Avith the gelatin injections could be traced usually 
to improper temperature regulation. Careful control of these factors 
led to the successful injections. 

Plate A'^III. Fig'. 1.^ — -Heart 9B. Injection mass India ink. At the right of the fig- 
ure is an artery (A) of -which the “arterio-luminal” vessel (AL) is a branch. At the 
extreme upper left of the figure may be seen the common opening (CO). (X64) 

Fig. 2. — Heart 9B. Sho-ws a higher magnification of the “arterio-luminal” vessel 
(AH) and the common opening (CO) sho-wn at the left of Pig. 1. 

Figs. 2, 3, and 4 are consecutive serial sections, showing tlie “arterio-luminal” vessel 
(ALi) as it approaches the common opening (CO) and then enters it at (OAL) in Pig. 
4. Each figure (X247). , 
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SUMMARY 

By the employment of injection metliods, it lias been possible to 
demonstrate vascular communications between tlie coronary arteries and 
the chambers of the heart. Serial sections and wax-plate reconstruc- 
tions of these communicating vessels revealed two types which have not 
been described previously. The first of these communicating vessels are 
small branches of arteries or arterioles l.ving near the endocardium. 
They run a short course and empty directly into the lumen of the heart 
and, for this reason, thej'- have been referred to as “arterio-luminal” 
vessels. The second type of vessel arises as a branch of an artery or 
arteriole and soon breaks up into sinusoids which lie between the muscle 
bundles and at times between the individual muscle fibers. These 
vessels have been referred to as “arterio-sinusoidal” ve.ssels, and the 
sinusoids have been designated as “myoeardial sinusoids.” 

The histological structure of the "myocardial sinusoids” would in- 
dicate that they play a role in the nourishment of the heart muscle. 

It is a pleasure to exj)ress our thanks to Dr. Alan R. !Moritz for his most valuable 
assistance in taking the photomicrographs and also for his hel])ful criticisms. 
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THE ARTERIAL BLOOD VASCULAR DISTRIBUTION TO THE 
LEFT AND RIGHT VENTRICLES OF THE HUMAN HEART’^ 


Louis Gross, M.D., and M. A. Kugel, M.D. 
New York, N. Y. 


I N ORDER to obtain a measure of tlie actual blood supply to a given 
mass of myocardium it Avould be necessary to know, among otlier 
things, the exact volume of muscle supplied, the distribution of the 
capillaries throughout the myocardial mass, the cross-section of the 
capillary bed (from which the capillary surface area could be deter- 
mined), the A’^elocity of blood flow through the capillaries and the ten- 
sion within them. Certainly, no accurate comparison can be made of 
the nutrition to the two ventricles without a knowledge of the fac- 
tors mentioned above. 

On the other hand, it is not unfair to assume that, other factors 
being equal, a knowledge of the extent of the capillary bed throws 
some light on the blood nourishment to a given organ and, therefore, 
that purely anatomical studies along these lines are not without their 
intei’est and value. In the woi’k Avhich we are about to report it should 
be clearly understood that the term “blood supply” is used in this 
limited anatomical sense. 

It is definitelj’" pertinent to our discussion to mention that the data 
obtained on this question by the employment of a given technic can 
never be more accurate than the method itself. Here lies the crux of 
most of the discussion on the blood supply to the heart, anatomically 
considered. Up to the present, such studies have been made largely 
on specimens injected through the coronary arteries. Since it is vital 
to a ci-itical evaluation of the results obtained from these injected 
specimens that only the arterial side of the vascular tree be filled, the 
injection mass used must be of such consistency that it will not pass 
beyond the capillaries into the venous system. For these pui’iioses 
either a suspension of gross particulate matter (starch, barium, etc.) 
or a highly viscous solution (collodion, glue, etc.) is generally em- 
ployed. These substances never give a complete injection of the capil- 
laries. As a general x'ule and under the best of conditions one con- 
tents oneself with a uniform and even injection of vessels doivn to the 
size of arterioles. There can be little doubt that the extent and dis- 
tribution of these small vessels bear a definite ratio to the ultimate 
capillaiy bed. Therefore, in discussing the “blood supply” to the 
ventric les, the term is limited not only to its anatomical aspects, but 


*Prom the Laboratories of The Mount Sinai Hospital 
a grant from the Lucius N. Littauer Fund. 


New York, N. Y. Aided by 
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to tlie information on the capillary bed wliich can be gleaned from a 
study of the smaller vessels leading to the eapillaiy distribution. Fur- 
thermore, in all probability, the further one follows the aiderial tree 
into its ultimate ramifications, the more closely do these ramifications 
mirror the entire extent of the capillaiy bed. We have, therefore, con- 
fined our attention to this aspect of the problem. 

In choosing the method of injection ivliich is likely to give us the 
most accurate results, the following factors must be borne in mind: 

1. The mechanical factors entering into the injection (temperature, 
pressure, viscosity, humidity) must be standardized and easily repro- 
ducible. This is most important. Variations in technic from specimen 
to specimen are bound to produce technical artefacts, making compari- 
sons of little value. 

2. The mechanical factors must not be such as grossly to distort the 
organ. Thus, injections with metals or other materials requiring rela- 
tively high temperatures tend to shrink the tissues by their cauterizing 
effect. Injection of highly viscous substances such as collodion, re- 
quires very high pressure and a long period of injection, both of Avhich 
factors are inimical to obtaining an accurate picture of the delicate 
Amscular tree. 

3. The injection must be comiileted in a relatively short time so that 
the specimen may be fixed and rendered fit for microscopic examina- 
tion. This examination is most impoi’taut in order to rule out patho- 
logical changes such as, for example, hypertrophy, Avhich are accom- 
panied by corresponding changes in the vascular bed. 

4. If the mass is injected through the arterial system (coronary ar- 
teries), it should not penetrate into the venous channels. As men- 
tioned before, this is necessary in order not to confuse the arteifial and 
A^enous beds. 

5. The preparation should neither be fragile nor permit of appreciable 
distortion. 

In reAdeAAung the numerous injection methods available it seemed to 
us that the one least open to criticism Avas that employed by Gross.^’ “ 
This consists of the injection of a standardized barium sulphate gelatin 
suspension through the coronary arteries of heai*ts in which rigor is 
alloAved to pass off. The injection is carried out in a special apparatus 
AA'^hich permits of accurate control and standardization of all the me- 
chanical factors. Furthermore, the injection takes approximately one- 
half hour to complete so that the organ can be fixed at once and ren- 
dered suitable for dissection, roentgenological examination, clearing, 
histological study, etc. 

Employing this method in 100 hearts. Gross pointed out in 1921 that 
the blood supply to the tAVO A’^entricles Avas equal at birth and that 
from then on the left side became relatrtelj^ richer in its Amscular bed 
as compared to the right. In attempting to arrive at an explanation 
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for this phenomenonj there was quoted tlie table of Aveights of human 
A^entricles compiled by Miiller* on a material of 1,481 hearts. Since 
there has been some question by Whitten' as to the inteiqn’etation of 
this table, a chart made from it is again reproduced in this report 
(Chart 1). This chart represents the growth in Aveight of the left and 
right ventricles computed from tlie mean Aveights of the isolated \'en- 
tricles in males and females. A glance at this chart shoAvs quite defi- 
nitely the sharp increase in left A’entricular preponderance up to the 
fourth decade and gradual but sloAver increase thereafter. 

In examining the stereoscopic roentgenograms and cleared speci- 
mens it seemed to Gross that this preponderance of left A'cntricular 



Chart 1. — Graph showing the absolute increasing' weight of the riglit and left ven- 
tricles as age advances, and also the relative increasing preponderance of loft over 
right side. 


vascular bed over right Avas even greater than could be accounted for 
by the change in the proportion of the myocardial masses. He sug- 
gested that the right ventricle apparently lagged behind the left in 
the evolution of its vascular tree. 

A complete confirmation of these findings soon folloAved in the de- 
tailed report by Campbell." In 1930, hoAvcAmr, reports appeared by 
Whitten^’ ® in Avhich, by the use of a eollodion-corrosion injection tech- 
nic, conclusions Avere arriAmd at Avliich Avere in some respects in sharp 
contrad iction to those of Gross. Without stating the number* of hearts 


‘Seven are quoted of which two were from fetuses. 
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examined by liis method’^ (a most imiiortaut factor in the evaluation 
of statistical material) Whitten claimed that Avhile the hlood supply 
to the right ventricle Avas at birth at least as great as that to the left, 
it soon fell behind the latter in dcA'-elopmeut. A gradual increasing 
Amscular i^reponderance occurred on the left side AAdiich, hoAvever, 
reached its maximum at about the tenth year. From tlien on no 
changes took place. 

A more serious objection to Gross’ conclusions has been raised re- 
cently by Ehrich, de la Chapelle and Cohn." These inve.stigators 
pointed out the difficulties in interpreting the extent of the injected 
A’’ascular beds Avhen the heart as a Avhole is examined roentgenographi- 
cally, since, as they stated, “it AAms difficult to estimate and to alloAV 
for the increase in density of the left A’ciitricle. The difference is 
obvious enough Avhen the anterior and posterior Avails alone are con- 
cerned, but becomes greater in the case of the tAVO lateral AAmlls, 
through Avhich the rays pass in a direction roughly parallel to an an- 
teroposterior tangent. Clearly, the great er the Amlume of muscle 
through Avhich the rays pass, the greater Avill be the number of vessels 
photogTaphed. The appearance of relative changes in one A’entriele — 
the right, for example — may, quite aside from the facts, depend upon 
matters of technical procedure.” This objection is valid onlj’- to the 
extent that accurate and fine quantitatiA-e comparisons cannot be made 
by this method. Stereoscopic pictures such as employed by Gross, 
hoAveA'er, permit of sufficient compai'ison to determine coarse changes 
such as he described. 

In an attempt to obtain more accurate data, Ehrich, de la Chapelle 
and Cohn injected fifty-one hearts (forty-one of Avhich Avere normal) 
by the method described by Gross. The hearts Avere fixed in formalin, 
roentgenographed and cleared. Microscopic sections Avere taken from 
the left and right coronary arteides as Avell as from the left circumflex 
vessels. These inAmstigators attempted to arriA^e at an estimate of the 
distribution of blood to the tAvo Amntricles by comparing the number 
and diameters of the “small branches” on the surface of the cleared 
hearts. “Small branches” according to them included “all bi*anches 
larger than a certain size.” More jirecisely, the term referred to all 
branches of the rami AAdiich are macroscopically “just Ausible.” In 
order to arrrte at the total diameter, the authors assumed that all the 
“just visible” A^essels on the surface of the tAVO A'^entricles must be of 
the same size. The question as to the accuracy of this and other as- 
sumptions made by them Avill be discussed further. 

Dhdding thirty-five of their fifty-one hearts into nine groups, these 
authors obserAmd that the “small branches” increase eontinuously 
from birth to the seAmnth decade, the inci'ease in the left ventricle 
during this jieriod being 100 per cent and that in the right Amiitidcle 50 
per cent. Calculating this increase in terms of per unit mass, hoAVCAmr, 
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they arrived at the conclusion that the developing vasculature was 
proportionate to the growth of the tAvo A’^entricles and that there was 
accordingly no developing relative laght-sided anemia as indicated by 
Gross. 

With the above mentioned criticisms in mind, avc decided to re- 
investigate the question by a method Avhich Ai'ould eliminate, as fai as 
possible, the ohjcctionahlc features discussed by liihrich, de la Chapelle 
and Cohn. For the reasons already given, it Avas decided to inject 
one hundred hearts by the method of Gross. A special effort Aims made 
to select specimens udiicli could safely be considered nonnal. If the 
clinical history, gross insj)ection or microscopic examination of the 
heart indicated a pathological condition, past or present, it Aims at 
once discarded. 

The essential modification introduced into these studies Aims to slice 
the hearts transA'ersely into strips of equal thickness so that a direct 
comparison could be made of tlie A’asculature AA’itliin the left and right 
ventricles, thus comparing unit areas of equal thickness.* 



Fig. 1. — Transverse section tlirougli the ventricles of an elcven-clay-okl male infant. 
(Photograph of roentgenogram from injected specimen.) 


TECHNIC 

Immediately after injection, the hearts verc fixed in 10 per cent neutral formalin 
saline, t After fixation the hearts were cut into transverse slices, 7 mm. in thickness. 
This was accomplished by means of a specially devised apparatus which consists of 
a modified meat slicer. lloentgcnograms were taken of the slices according to the 
following technic: the exposure was three seconds at 30 inches distance, using 
88 killivolts peak and 10 milliampercs. The slices were subsequently cleared by the 
method described by Gross, and sections were taken for histological examination. 
Largo transverse sections, 150 mu in thickness were also cut from a number of 
heai'ts by the Christeller frozen section method. For purposes of comparison it will 
suffice to consider the transverse slices cut approximately one-third of the way down 
from the auriculoventricular sulcus to the apex. The other sections gave results 
similar to those to be described. 


EXPERIMENTAL 

Fig. It represents the roentgenogram of such a section cut from the heart of an 
eleven-day-old infant. The arterial vascular preponderance in the right ventricle 

tpj.gYjQyg attempts by Gross and Antopol to estimate the ratio of injection mass 
per grarn_ of myocardium by quantitatively recovering the barium sulphate used in 
the injection showed a large error due to ultraflltration effect. 

90 lart^^‘°™s p 1 Per cent sodium chloride solution, 

yu paits. inis solution is rendered neutral with a weak alkali. 

Jin these photographs of roentgenogi’ams the left ventricle is to the left rip-i-it 
ventricle to the right and the top of the illustration is the anterior surfece o^h^^ 
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is quite obvious. It is interesting to note, too, that even at this early age period 
the part of the septum which belongs to the right ventricle receives larger blood 
vessels and more of them than does the corresponding part of the left ventricle. 

3?ig. 2 is a cross-section from the heart of a three-weeks-old infant. Here again 
the right ventricular arterial vascular preponderance is very definite. Not only are 
the vessels more numerous in the right ventricle and in the right ventricular portion 
of the septum but their lumina are distinetlj'^ larger. It is to be noted that the 
type' of vascular distribution is the same in both ventricles, namely, the superficial 




Fig. 2. — Transverse section through the ventricles of a three-week-oUl male infant. 
(Photograph of roentgenogram from injected specimen.) 

Pig. 3. — Transverse section through the ventricles of a five-month-old male infant. 
(Photograph of roentgenogram from injected specimen.) 



Pig. 4. — Transverse section througli the ventricles of a four-yeai’-old male child. 

(Photograph of roentgenogram from injected specimen.) 

vessels rapidly dichotomize and form a series of broomlike structures which penetrate 
through the ventricular wall at right angles to the surface, reaching almost to the 
endocardium. 

At the fifth month of life (Ihg. 3) the myocardial preponderance of the' left 
ventricle over the right is definitely established. Nevertheless, it will be noticed 
that for a given area of m 3 -ocardium the amount of fair-sized and fine vessels is 
approximatelj' the same in both right and left ventricles. 

The same statement maj- be made of the four-j’car-old infant’s heart represented 
in Pig. 4. Particular attention should be paid to the fact that both the left and 
right ventricular portions of the interventricular septum are equallj' richly supplied 
with fine blood vessels. 
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Tlio same description also holds true for the iiinc-year-old heart pictured in 
Eig. 5. Here the hroomlike arrangement of the myocardial trees is beautifully 
represented. Since the right ventricle is conspicuously thinner than the left, it will 
be observed that the myocardial vascular brooms take on a slanting arrangement 
in the former. 'Whitten has called attention to this and believes that it luis some 
significance in reference to the lesser frequency of arteriosclero.sis in Ihe right cor- 



Fig-. 5. — Transverse section tlirougli the ventricles of a ninc-year-olfl male child 
(Photograph of roentgenogram from injected cpecimcn ) 



Pig. 6. Transvei^e section through the ventricles of an eightecn-year-olcl male. 

(Photograph of roentgenogram from injected specimen ) 

onary branches as compared to those of the left. This question will bo discussed 
subsequently. At this age period the proportion of small and large blood vessels 
to left and right ventricles is still approximately equal. 

In Mg. 6, a cross-section of the myocardium of an eighteen-year-old boy, several 
differences are becoming discernible. By close inspection it can already be observed 
that, per unit area of myocardium, the left ventricle is somewhat richer in blood 
vessels. This is particularly well brought out in the interventrienlar septum. An- 
other important factor which can be noted is that the septal anastomoses are be- 
coming somewhat more conspicuous (better seen on stereoscopic examination) 
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Bj' the age of twenty-nine years (Big. 7) it becomes quite clear that the left 
ventricular myocardium is richer in blood supply than the right. Inspection of the 
myocardium of the two ventricles and particularly of the septum shows this qiutc 
distinctly. 

Big. 8 (heart of thirty-seven-ycar-old patient) shows ver}' beautifully the in- 
tensely rich blood suppty of the left ventricle and the definitely lesser blood supply 
of the right ventricle. The fact that we arc here examining similar thicknesses of 



Pig. 7. — Transverse section through the ventricles of a twenty-nine-year-olcl male. 
(Photograph of roentgenogram from injected specimen.) 



Pig. 8. — Transverse section tiirough tlie ventricles of a thirty-seven-year-old female. 
(Photograph of roentgenogram from injected specimen.) 


specimens may bear repetition. Note the distinctly richer blood supply of the left 
ventricular portion of the septum as compared to the right and the ver)' markedly 
increased septal anastomotic vessels. This well-established left ventricular arterial 
preponderance is now carried on consistently. 

Big. 9, which represents the heart of a forty-tliree-year-old person, shows the rich 
left ventricular supply, the exceedingly rich blood s\ipply to the papillary muscles 
of the left ventricle, the consider.ably lesser distribution of vessels in the right 
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ventricle and in the right ventricular septum. The septal anastomoses are very 
distinct. It is to he noted in this illustration that because of the slightly greater 
thickness of the right ventricle, the broomlike structure of the arterial dichotomy 
reappears. 



Fig'. 9. — Transvei se section through tlio ventricles of a forty-three-year-okl male. 
(Pliotograph of roentgenogram from injected specimen.) 



Fig. 10. — Transverse section through the ventricles of a forty-five-year-old male. 

(Photograph of roentgenogram from Injected specimen.) ' 

Fig. 10 (patient forty-live years old) again shows the definite left ventricular 
arterial preponderance and the consistently richer septal anastomoses. Here the 
right ventriculai wall is somewhat thinner with some loss in the regularity of the 
broomlike arterial dichotomy. 
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Increasing age periods now sliow as the most conspicuous changes an even wider 
and richer septal anastomosis with persisting and increasing left ventricular vascular 
preponderance. This is seen in Fig. 11, which represents a cross-section of the 
heart of a sixty-year-old person. 

Fig. 12 is a cross-section of the heart (patient thirty-two years old) taken from 
a specimen which shows an unusually beautiful injection. This was probably due 



Fig. 11. — Transverse section through the ventricles of a sixty -year-olcl female. (Photo- 
graph of roentgenogram from injected specimen.) 



Pig. 12. — Transverse section througli tlie ventricles of a tliirty- two-year-old male. 

(Photograph of roentgenogram from injected specimen.) 

to tho fact that the heart was injected for a somewhat longer period of time and 
was completely flaccid before the injection. The striking difference in vascularity as 
between tho left ventricle and the right leaves no question whatsoever tvith regard 
to the left ventricular vascular preponderance at this age period. One could not, of 
course, count these vessels since they are so numerous, but a simple inspection is 
quite sufficient to make this point clear. In particular, there is to bo noted the 
amazing difference between the fine vascular distribution in the left ventricular 
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septum as compared ■with that of the right. Because of the excellence of the in- 
jection of this specimen, Christeller frozen sections were studied under the binocular 
microscope. It was at once evident that it would be highly inaccurate to attempt to 
count the finest vessels in the myocardium. Here, however, a simple examination 
again amply confirmed the observations made by the examination of roentgenograms 
and cleared specimens. 

Although only twelve illustrations arc submitted in this article, it may be stated 
at once that in our observation of the hundred cases which form the material of 
this paper, the rather abrupt shifting of vascular preponderance from the right side 
to a state of where both sides are about equally supplied, occurred relatively early 
in life (within the first few months). Then came a period of approximately one 
decade when it was somewhat difficult to decide which side of the heart contained 
more blood vessels per unit volume. Prom the first decade on, however, the increase 
in left ventricular vascular preponderance was consistent and gradual, and with it 
came the -vridening of the septal anastomotic channels (better seen in stereoscopic 
examination and in the cleared specimens). 

A study of all the preparations leaves two very definite impressions in mind: 
the eventual development of left ventricular vascular preponderance and the increase 
in septal anastomoses seen particularly well after the third decade and increasing 
consistently "with age. 


DISCUSSION 

A discussion ' of the above mentioned findings must concern itself 
largely with the reasons for the discrepancies between our conclusions 
and those of Whitten and of Ehrich, de la Chapelle and Cohn. With 
regard to Whitten, it may be said that undoubtedly the paueitj^ of his 
material together with the unusually unsuitable technic employed by 
him may have been responsible. It is to be remembered that the tech- 
nic used by Whitten (collodion-corrosion method) requires several 
days for completion, does not render the heart suitable for microscopic 
examination, requires enormously high pressures which may possibly 
distort the preparation and has a tendency to leak from the arterial 
to the venous side. A brief reference to our earlier discussion on the 
criteria of adequate injection technic ivill show at oiice that Whitten’s 
technic leaves much to be desired. 

It has already been mentioned that Whitten questioned Gross’ con- 
clusions that Muller’s tables of weights furnished evidence of a con- 
sistently increasing left ventricular myocardial preponderance from 
birth to the ninth decade. In substantiation of his contention MGiitten 
also quoted a table of weights from Muller’s monograph. The differ- 
ence here is obviously due to the fact that Whitten’s criticism is based 
on a table presenting entirely different data ; indeed, data which in- 
clude the very questionable and arbitrarj'' division of the septum into 
its proportions as to the left and right ventricles. The table quoted 
by Gross deals only with the isolated ventricles exclusive of the septal 
portions. 

The discrepancy in the findings of Ehrich, de la Chapelle and Cohn 
can be accounted for in several ways. First, these authors assume 
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that a “small branch” (superficial) conveys the actual supply to Avhat 
may be regarded as a unit territory. In calculating their results, how- 
ever, they also tacitly assume that “unit teridtory” is equivalent to 
unit mass of myocardium. This is exactlj'- where the difference lies as 
between their conclusions and our observed results. The territory sup- 
plied b 3 ^ a “small branch” in the left ventricle is considerably smaller 
than that supplied bj'- a “small branch” in right ventricle as our illus- 
trations clearty show. These authors find that the number of “small 
branches of the left ventricle (superficial) increases during the period 
of life about twice as much as the inght one.” Since, however, the 
left ventricle during this period enlarged about twice as much as the 
right, thej’’ conclude that the blood supplj’ of the two ventricles in- 
creases with increasing jmars in direct proportion to weight. How- 
ever, when these authors use the term “small branches of the left 
ventricle,” thej’- reallj’ refer to “small branches on the surface of the 
left ventricle.” Obviouslj’-, the veiy inci’ease in thickness of the left 
ventricle carries with it at least a proportionate increase in “small 
branches of the ventricle.” This has not been taken into account hj’’ 
Ehrich, de la Chapelle and Cohn. Purthennore, their counts were 
made on thirty-five hearts, a number in our opinion too few for such 
detailed anatysis. An attempt made'bj’- us to count these superficial 
vessels was rather unsuccessful. We found it extraordinarily' difficult 
to determine what vessels should be considered as “just visible” and 
what not. An examination of their own Curve 2 (p. 263 of their arti- 
cle)" discloses not inconsidei’able variations in their figures. More- 
over, the correctness of the assumption b.y these authors that the 
diameters of the counted “small vessels” on the surface of both 
ventricles are the same has by^ no means been substantiated. On the 
whole it seems to us that the method used by’’ them is subject to far 
more inaccuracies than even the first method used by' Gross, A’iz., di- 
rect inspection of the stereoscopic roentgenograms. 

We do not wish to enter into a discussion at this time of the possible 
phy’siological significance of this gradually' developing left ventidcular 
vascular preponderance. Experiments are under way to investigate 
this point. The importance of the gradually developing septal anas- 
tomoses with age has already been emphasized h.y Gross, who sug- 
gested that this may' serve as a compensatory factor during the later 
age pei’iods when sclerotic changes begin to appear particularly' in 
the branches of the left coronary' arteiy. Histological examination of 
the age period changes in the coronary arteries to be published shortly' 
by' Gross, Ivugel and Epstein shows that with advancing life there is 
a gradual fibro-elastifieation of the smaller my'ocardial vessels, par- 
ticularly' in the left ventricle, with some disappearance of sriiooth 
muscle elements. These vessels are consequentl.v rendered relatively' 
passive to vasomotor impulses. Whether the septal anastomotic in- 
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crease is a compensatory process as a response to these regressive 
changes in the left ventricular myocardial blood Amssels can only he 
surmised. In a later publication, it will he shown that these septal 
anastomotic vessels play an extraordinarily important role in coronary 
ai'tery disease in which myocardial infarction takes place. 

CONCLUSION 

By means of a new technic whereby it is possible to stud}'" the vas- 
cular distribution in the myocardium and to compare unit areas in 
the left and right ventricle, it has been definitely demonstrated that 
early in life there is a right ventricular vascular iiredominance, that 
there soon follows an ecpialization of the vascular supply which lasts 
for approximately one decade and that thereafter the left ventricular 
myocardium assumes an increasing preponderance in its vascular bed 
over that of the right. 

It has also been shown that, particidarly after the third decade in 
life, the septal anastomoses increase veiy conspicuously in their extent. 

Both of these observations confirm the earlier report by Gross in 
this field. 

An explanation is suggested for the reported differences from these 
conclusions. 

REFERENCES 


1. Gross, Louis: The Blood Supply to the Heart, New York, 1921, Paul B. Hoeber. 

2. Idem: A New and Improved Injection Apparatus, J. Lab. & Clin. Med. 13: 

257, 1927. 

3. Miiller, W. : Die Massenverlialtnisse dcs mensclilichen Herzen, Hamburg und 

Leipzig, 1883, Leopold Voss. 

4. Whitten, Merritt B.: A Comparison of the Blood Supply of the Eight and Left 

Ventricles in Childhood, Arch. Int. Med. 45: 4(1, 1930. 

5. Campbell, J. S.: Stereoscopic Eadiographv of the Coronary Circulation, Lancet 

2: 168, 1928. 

6. Wliitten, Merritt B. : The Eolation of the Distribution and Structure of the 

Coronary Arteries to Myocardial Infarction, Arch. Int. jMed. 45: 383, 1930. 

7. Ehrich, Wilhelm, de la Chapolle, Clarence, and Cohn, Alfred E.: Animal 

Ontogeny. B. Man. I. A Study of the Coronary Arteries, Am. J. Anat. 49: 
241 1931. 



CAEDIAC HYPERTROPHY OF UNKNOAVN ETIOLOGY 
IN YOUNG ADULTS 

A Clinical and Pathological Study of Three Cases* 

Robert L. Levy", M.D., and Louis M. Rousselot, M.D. 

New York, N. Y. 

TN THE course of two and a half years, there have been observed three 
* young men who presented an unfamiliar picture. Clinically, the out- 
standing feature was a considerable degree of eai’diac enlargement, for 
which no cause was apparent. All died Avithin a j’-ear after the symptoms 
became well established. The le.sions in the three heai’ts, as studied at 
autopsy, though exhibiting many points of similarity, were not identical. 
The etiology remained obscure. 

CASE reports 

Case 1. — Unit No. C9800. S. E., white male, aged twenty-nine years, automobile 
moelmnic, married, was first admitted to the hospital on September 17, complaining 
of palpitation which had been present continuously for two and one-half months. 
His father died at the age of fifty-six, of heart disease. He had been unusually 
healthy. Tonsillectomy was performed at the age of eleven. He had gonorrhea at 
twenty, but denied syphilis. At the age of twenty-four, he was in South America 
for a short period, while in the Navy. He had been married for six years. His wife 
and two children were living and healthy; there had been no miscarriages. His 
consumption of alcohol and tobacco was very moderate. Tor twelve years, he had 
been an automobile mechanic. ' His usual weight ranged from 190 to 210 pounds. 

He first was conscious of irregularity of the heart five years previousl}' while 
working in South America. After a day's labor, during which he was much exposed 
to sun and fumes, he would lie down to rest. It was then that ho became aware 
of the irregular and rapid beating of his heart, which occurred in paroxj’sms lasting 
from five to fifteen minutes. The attacks increased in frequency until he had several 
each day. After his return to New York they became less frequent, recurring at 
irregular intervals. For two and one-half months, however, tach 3 ’cardia had per- 
sisted almost continuous!}' and he had felt weak. Ho consulted several physicians 
without relief. He was unable to obtain the proper amount of sleep because of the 
pounding of his heart and throbbing of his arteries. 

Examination showed a large, well-developed man, who appeared to be quite ill. 
There was no d 3 'spnca or cyanosis. The tonsils had been well removed. The 
th 3 -roid was not palpable. The lungs were clear. The heart was considerabl}' en- 
larged, dullness extending 13 cm. to the left in the fifth space, and 4 cm. to the 
right in the fourth space. The rate was variable, at times 120 to IGO, with regular 
rln'thm, then a few irregular beats, followed b}* a sudden drop to 00. The sounds 
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were of moderate intensity. There was splitting of the first sound at the apex. 
No murmurs were heard. The peripheral vessels were not thickened. The blood 
pressure was 110/80 mm. The liver was not enlarged. There was no clubbing of 
the fingers. No edema was present. 

The temperature was normal and remained so throughout his stay in the hospital. 
The blood count showed: R.B.C. 6,000,000; hemoglobin (Dare) 95 per cent; 
leucocytes 12,000, with 63 per cent poij'morphonuclears. The Wassermann reaction 
of the blood was negative. The urine contained a very faint trace of albumin, but 
no casts or red blood cells. X-ray films of the teeth did not show any root 
abscesses. 



Pig. 1 — (Case 1) Teleroentgenogram of the lieart, taken four days after tlie patient’s 
first admission to the ho-spital. The enlargement is chiefly to the left. 

A teleroentgenogram of the heart showed tlie transverse diameter to be increased, 
but the aorta was not widened. The total transverse diameter measured 17.8 cm., 
the great vessels 6.0 cm., and the internal diameter of the chest 30.5 cm. (Fig. 1). 

The heart rate varied greatly from day to day and from hour to hour. Electro- 
cardiograms were made daily and often, several times in the course of twenty-four 
hours. The dominant rhythm was a tachycardia having its origin in the junctional 
tissues, mth rate of 50 to 160. Numerous ventricular premature beats, arising 
both in right and left ventricles, occurred. On a number of occasions transitions 
were photographed, showing changes in rate and in the origin of the pacemaker 
(Fig. 2, A). The P-E interval, when it could be measured, varied from 0 22 to 
0.31 second, and there was widening of QES when nodal rhythm, with slow rate 
was present. The T-wave was at first inverted in Lead I and upright in Leads II 
and III^ but later, following administration of digitalis, T„ and T also became 
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Administration of quinidine, by nioutli, in moderately large doses, did not affect 
either the rate or the rhythm. The use of digitalis, first in full doses, and then in 
maintenance ration, slowed the rate to 60, with occasional short paroxysms of 
tachycardia to 120. The blood pressure rose to 130/70. On discharge, after four 
weeks in the hospital, the patient felt greatlj’ improved, and was instructed to 
eontinue with small daily doses of digitalis. 

He did not return to the out-patient department for further observation and was 
lost sight of until June 4 of the following year (eight months later), when he came 



to the clinic desperatelj- ill. He stated tliat after leaving the hospital he again went 
to South America on a job, but had to leave after five weeks, because of recurrence 
of the paroxysms of tachycardia. He returned to this country two weeks ago, 
and since that time had great difficulty in getting his breath. He had taken 
digitalis in liquid form, without benefit. 

On admission, he was cold and a clamm}' sweat covered the skin. The respira- 
tions were rapid and shallow. The pulse Avas barely palpable. The heart rate Avas 
about 180, and the rhythm apparently regular. The temperature was 99.4° H. 
The blood pressure Avas 134/90. The blood Wassei-mann reaction AA’as again nega- 
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tive. A blood culture sliowed no growth. The leucocyte count was 13,000, with 42 
per cent polymorphonuclear's. There was no anemia. The blood urea was 41 nig. per 
100 c.c. Electrocardiograms showed at times auricular tachycardia, with rate of 
170 and incomplete bundle-branch block; and at other times A-V nodal rhythm 
with rate of 70 to 80, with complete bundle-branch block, and numerous ventricular 
premature beats. When the rate was slow, QES measured 0.17 second, E was notched 
and T was inverted in all leads. The records were very different in form from those 
previously obtained. (Eig. 2, B.) 

Dyspnea persisted and was more marked during the paroxysms of tachycardia. 
Administration of large doses of digitalis was without apparent benefit. He began 
spitting up blood, ei'idcntly as .a result of pulmonary infarction. The temperature 
rose to 103.4'’ F., and the leucocyte count to 31,000, with 7'9 per cent polymorpho- 
nuelears. Orthopnea and prostration became extreme, and he died on June 10, six 
days after entering the hospital. 

Aiotopsy Ao. 10017 . — The autopsy was performed by Dr. L. M. Eousselot. Ex- 
ternal examination showed slight cyanosis of the face and nail-beds. There was 
pitting edema of the crur.al regions and feet. 

Thoracic Cavil i/: The j)crieardial sac contained 30 c.c. of clear, straw-colored 
fluid. In sitn, the heart appeared to be enormously enlarged, measuring 19 cm. in 
its maximum transverse diameter. The right pleural cavity contained 100 c.c. of 
thin, blood-tinged fluid. 

Eeart: The heart weighed 740 grams. There were numerous pericardial hemor- 
rhages. A few epieardial hemorrhages were seen on the posterior surface of the 
right auricle, and also on its lateral surface near the base of the superior vena cava. 
The right auricle was covered with numerous fine, fibrous tabs. A small tendinous 
plaque, measuring 1 cm. in diameter, was found near the base and posterior surface 
of the right ventricle. All the chambers of the heart were greatly dilated. The 
musculi iiectinati of the right auricular appendage were hjqjertrophied ; no thrombi 
were present. The leaflets of the tricuspid v.nlve were enlarged, but the cusps were 
not thickened and the chordae tendineac were thin and delicate. The columnae 
earneae and papillarj’ muscles in the right ventricle were markedly hypertrophied. 
There was no scarring of the wall on the right side. The pulmonarj’' leaflets did 
not present the same relative increase in size as did those of the tricuspid valve. 
The wall of the left auricle was moderately hyi^ertrophied. The mitral cusps were 
enlarged and thickened. There was edema of the free margins, and near the line 
of closure of the aortic leaflet there were a number of fine granular excrescences, 
covering an area 0..5 cm. in diameter. A small area of atherom.a. was found at the 
base of this same leaflet. The papillary muscles, columnae earneae, and myocardial 
wall of the left ventricle were hypertrophied. The chordae were thin and delicate. 
There was gross scarring of the posterior painllary muscles of the aortic leaflet 
of the mitral valve. The cavity of the left ventricle, in addition to being dilated, 
extended well down to the apex, and here the wall of the myocardium was quite 
thin, measuring 0..5 cm. This was in conti’ast to the remainder of the wall of the 
ventricle, which measured 2.4 cm. in thickness. Several small thrombi filled in. the 
recesses between the columnae earneae. Beneath the aortic ring, there was slight 
thickening of the septal surface of the endocardium, which at this p)lace measured 
2 mm. The aortic leaflets were increased in size, but not thickened. 

The coronary arteries were not occluded at an^' point. In the anterior descending 
branch there were many fine areas of atherosclerosis without calcification. 

There were multiple infarcts in the lungs, and a single infarct was present in the 
right kidney. There was chronic passive congestion of the lungs, liver, spleen 
pancreas, and kidneys. 
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Microscopic Examinaiion- of ihc Heart . — ^aiyocarditim : A majority of the muscle 
fibers were hypertrophied; their striations were distinct and the nuclei were well 
defined. In the areas of infarction, there apiieared varying stages of degeneration 
and repair. In places, the muscle fibers had lost their characteristic, intense stain- 
ing reaction, and occasionally showed vacuolated cytoplasm, with pyknotic nuclei. 
Other areas of the myocardium were replaced by diffuse connective tissue scars. 

Endocardium (interventricular septum) : A dense layer of fibrous tissue was 
seen beneath the endothelium. This was infiltrated with small and large lymphocj'tes. 
In places, the endothelium was denuded, and attached to these sites were small 
thrombi. 

Anatomical Diagnosis . — Cardiac h.vpertrophy and dilatation; infarcts of the heart, 
old and recent; fibrous thickening of the endocardium of the left ventricle; thrombi 
in the left ventricle; infarcts of the lungs; infarct of the right kidney; right 
hydrothorax; edema of the lower extremities; chronic passive congestion of the 
lungs, liver, spleen, pancreas, and kidneys; congenital malformation of the aorta 
(common origin of the innominate and left common carotid arteries) ; congenital 
malformation of the lungs (anomalous fissuration). 



Pig. 3. — (Case 1) Section through the myocardium, showing an area of infarction 
of recent origin. Hematoxylin anti eosin ; X160. 

Final Note . — Cardiac hypertrophy and dilatation were the dominant features of 
the post-mortem examination. There were no inflammatory or degenerative lesions 
in any part of the cardiovascular system. The various embolic phenomena were 
secondary to the intracardiac thrombi. After careful stud}^ of all of the material, 
no etiological basis for the heart lesion could be found. 

Case 2. — Unit No. 73296. E. E., a white, single male, aged eighteen years, was a 
liigh school student. The patient was admitted to the hospital on August 4, com- 
plaining of rapid heart action of eight weeks’ duration. The family history was 
entirely irrelevant. The parents were intelligent, and the young man lived in com- 
fortable surroundings, in a private house. He had enjoyed good health. At the 
age of eight, he had influenza, and at fourteen, had dry pleurisy. He had had' only 
one attack of tonsillitis, which occurred at the age of fifteen. Two and one-half 
years before admission (at the age of fifteen and a half years) he had an attack of 
palpitation, which lasted for two days and stopped after taking digitalis. No other 
cardiac symptoms followed this short paroxysm, and he had been remarkably well. 
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He lived the normal life of a high school hoy, and worhcd during the summers. 
He took no tobacco or alcohol. 

Eight weeks before admission to the hospital, he became aware of rapid heart 
action, which came on suddenly after eating ice cream. Tachycardia persisted for 
ten days, with rate of about 120, and stopped abruptly after taking digitalis and 
resting in bed. For four days, the pulse rate remained slow. During this time. 



he felt poorly, and vomited once. His physician said that he had heart-block and 
gave him adrenalin. At the end of this four-day period (six weeks before admission) 
his pulse again suddraly rose to about 120, while he was lying down after supper and 
the rapid rate continued, except for occasional short intervals when his physician 
pushed digitalis therapy. Because of the previous occurrence of block this drua 
had been used with caution. The patient had been in bed for sLx weeks. There 
was no precordial pain, dyspnea, or edema. 

Examination showed a tall, poorly developed, pale, young man, breathing easily 
and quite comfortable. The tonsils were small and buried. There were no signs 
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of thyroid disturbance. The heart was enlarged, dullness e.xtending 13 cm. to the 
left in the fifth space, and u cm. to the right in the fourth space. The rhythm was 
regular; the rate approximately 120 and regular. The sounds were of good quality 
and no murmurs were heard. There was no thickening of the peripheral vessels. 
The blood pressure was 130/SO. The temperature was 100.2° F. Blood count 
showed: E.B.C. 4,070,000; hemoglobin 70 per cent; leucocytes 9,100, with To per 
cent polymorphonuelears. A Wassermaun reaction of the blood was negative. The 
blood culture was negative. The urine showed no albumin or sugar. Under the 
microscope, no red blood cells were seen. 

A teleroentgenogram of the chest showed the heart shadow to be enlarged in all 
diameters and the auricles were increased in size. There was no dilatation of the 
aorta. The transverse diameter of the heart measured 17 cm., the aorta 6.5 cm., 
and the internal diameter of the chest 26 cm. 

The first two electrocardiograms showed auricular tachycardia, Avith rate of 145 to 
160. The E-AA-aA’e Avas notched and the T-AA'aA-e inverted in all leads. Subsequent 
records shoAved considerable A-ariability in the form of the complexes, AA’ith short runs 
at someAA’hat faster rate, due to boats originating at other foci in the A'cntricles or 
junctional tissues (Fig. 4). Digitalis and quinidine had but little elTcct on either 
the rate or rhi’thm. The temperature, for the most part, AA-as normal, AA'ith occasional 
brief spikes to 100.4° F., or less. 

On September 6 (about a month after admission) tonsillectomy AA’as performed 
under local anesthesia. Microscopic examination of sections of the tonsils shoAved 
deep crypts AA-ithout pus. The capsules AA-ere thickened and there AA-as the usual 
infiltration AA-itli lymphocytes AA-hich is seen in chronic tonsillitis. On the morning 
folIoAA-ing the operation, sinus rhythm appeared, A\-ith rate of 78. Incomplete bundle- 
branch block AA-as present, AA-ith QRS of 0.13 second. The P-R interval AA-as 0.14 
second. T, AA-as inverted, and T, and T, w-ere upright. Sinus rhythm persisted for 
about tAvo AA-eeks, and subsequcntlj- A-V nodal rhythm, AA-ith bundle-branch block, AA’as 
observed. T, became diphasic, T, and T, iiiA-ertcd, although no digitalis Avas giA-en 
during this time. Salicylates were giA-en in moderate dosage, because it AA-as be- 
lieved that the condition might be rheumatic in origin. FolloAA-ing operation, the 
temperature graduallj- returned to normal. The patient Avas discharged on October 
10 (two months after admission), much improA-ed. He had gained several pounds 
in Aveight. 

He apparentlj- got on comfortably for three months, but Avas readmitted on 
Januarj- 11 of the folloAA-ing year, again complaining of tachycai-dia. The rapid 
rate began three weeks previously, again folio Aving excessive indulgence in ice 
cream. He w’as put to bed and gh-en digitalis for tAA-o Aveeks; he then became 
nauseated and A-omited. The tachycardia persisted. He complained of liaAung had 
several fainting spells in bed, associated Avith dyspnea and increase in the heart rate. 

Examination on admission show-ed a temperature of 100° F., heart rate of 124, 
AA-ith regular rhythm, and blood pressure 94/70. A systolic murmur Avas heard 
at the apex, AA-hich had not been observed preA-iously. The spleen was not palpable. 
The heart size AA-as as noted at the time of the former admission. Examination 
of the blood shoAved: R.B.C. 4,560,000; hemoglobin 73 per cent; leucocytes 8,300, 
with 86 per cent polj-morphonuclears. An electrocardiogram shoAved auricular 
tachycardia, AA-ith rate of 145. The rhythm Avas quite regular. The ventricular com- 
plexes were aberrant, and resembled A-ery much the record made at the time of his 
first admission to the hospital. On the folloAA-ing eA-ening, the temperature had 
risen to 101.4° F. The rhythm became irregular and somCAA-hat sloAver. It w-as 
thought that auricular fibrillation AA-as present, although no cardiogram Avas made. 
On the third daj- in the hospital, following an enema and w-hile sitting on the 
bed-pan he gave a groan and died suddenly w-ithin a fcAV seconds. 
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Autopsy No. 10125 . — TJie autops.y, performed by Dr. W. C. von Glalni, was 
limited to examination of the heart and lungs. External inspection showed no 
edema of the feet or legs. There Avas intense cyanosis of the nail-beds and moderate 
cyanosis of the lips. 

Thoracic Cavity: The pericardial sac contained only about lo c.c. of blood- 
tinged fluid. The apex of the heart Avas against the latei'al chest Avail in the left 
midaxillary line. The transverse diameter of the heart, in situ, Avas IG.o cm. Over 
the base of the heart, in the region of the great A’esscls, were fibrous adhesions. 

Heart: The heart AA'as greatly enlarged and Aveighed 750 grams. The apex Avas 
formed about cquallj- by the right and left A’entricles. The capillaries in the 
epicardium Avero very prominent. On the posterior surface of the left A'entricle, 
about 1.0 cm. beloAV the auriculoA’cntricular groOA’e and covering this groove, Avas 
a small, tendinous plaque. A fcAV hemorrhages Avere found beneath the epicardium 
of the right auricle. The heart muscle AA’as firm. Tlie right auricle was greatly 
enlarged; its Avails Avere enormousl}’ hyiiertrophied, measuring 11 mm. in the thickest 
portion. The endocardium of the auricle aa’us thickened in iilaces to such an extent 
that it Avas no longer possible to see the nnderlj’ing myocardium. The tricuspid 
A’alA’e leaflets Avere thin and delicate. The papillary muscles and columnae carneae 
of the right ventricle Avere enormously hypertrophied, as Avero also the musculi 
pectinati of the auricle. The endocardium of this A’entricle Avas thin and transparent, 
except for a few small areas near the apex, Avherc it Avas grey and someAA’hat opaque. 
At the apex of the right ventricle were four slightly irregular, greyish masses, 
surrounded by post-mortem clot and not attached to the Avail of the ventricle at 
any point. The largest of these Avas not more than 1 cm. in its greatest dimension. 
They were soft and lay betAveeu the hyi)crtroi)hicd columnae carneae. It Avas im- 
possible to say from the gross appearance AA’hcther these Avere thrombi or repre- 
sented post-mortem clot. The conus of the A’entricle avos greatly dilated. The 
pulmonarj’ leaflets appeared normal. 

The left auricle was slightly dilated; its A\’all measured 4 mm. at the thickest 
portion. In contrast to the right auricular appendage, tlic left auricular appendage 
AA'as small and the musculi pectinati Averc not hypertrophied. The mitral Ambm AA’as 
normal in appearance, except for slight marginal edema of the posterior leaflet. 
The chordae tendineac Averc thin and delicate. The papillary muscles and columnae 
carneae of the left A’outriclc Averc hyiiertrophied. The endocardium Avas opaque 
and grey in color. In the loAver half of the septum the endocardium Avas greatly 
thickened, appearing as a yellowish grey layer. The myocardium in this area Avas 
not softened. The aortic leaflets were thin and delicate. In the musculature of the 
right auricle Avere numerous slightly opaque, yclloAvish areas, the largest of Avhich 
measured 3 by 5 mm. The myocardium aa'us of coarse texture. In the left ventricle, 
there AA’as an occasional small grey area; yet CA’crywhere throughout the heart the 
knife, as it cut, encountered unusual resistance, making an audible creaking noise. 

In the interA'entricular septum, beneath the area AA'here the endocardium AA'as 
thickened, the muscle had been replaced by dense connective tissue, and near the 
margins of this connective tissue the muscle appeared slightly sunken and dark red, 
in contrast to the more greyish red muscle elscAvlicre. The alteration in the inter- 
A’entricular septum aa'C-s A’ery extensiA’C and in one of the prominent columnae carneae, 
close to the posterior margin of the septum, AA'ere encountered areas which Avere 
opaque, yelloAV, and homogeneous. These aa’ci’c bordered by a narroAA’ zone of hemor- 
rhage. The scarring in the septum Avas quite marked, and large areas of fibrosis 
Avere seen, Avhich obA’iously had folloAved previous patches of necrosis. 

The coronary arteries were remarkably thin and delicate. About 1 cm. below its 
point of origin, the anterior descending branch of the left coronary was distended, 
and its lumen Avas filled for a distance of 1 cm. by a greyish red mass, Avhich slipped 
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out with great ease, and was not attached to the wall at any point. No similar 
mass was found in any other branch of the coronary arteries. 

There were numerous infarcts in both lungs. 

M icroscop io Exam in at ion — 

Heart (Eight Auricle and Left Ventricle) ; The muscle fibers were very ir- 
regular in arrangement and appearance. They were large in size. Most of 
them were vacuolated, and this feature in many places was so pronounced that 
only a little remnant of sarcoplasm remained against the coll membrane, nv.ik- 



Fig. 5. — (Case 2) Hydropic degeneration of heart muscle fibers. Note the c.vtreme 
vacuolization and almost total absence of .sarcoplasm. Homatoxviin and eosin : 
X720. 



Pig. 6. — (Case 2) Hydropic degeneration of heart muscle fibers, most of which are 
cut transversely. Vacuolization is less marked than in Fig. 5. Hematoxylin ana 
cosin : X720. 

ing the muscle fibers appear as empty envelopes. The nuclei varied greatly in 
size. Many were exceedingly large and contained an unusual amount of chromatin; 
others had an hydropic or vacuolated appearance. The nucleolus in some of the 
nuclei was very prominent; in others, it had a pale, watery appearance, and 
oecasionaUy was swollen and stained with eosin. The mj’ofibrils, when seen, were 
very coarse. In many places were large amounts of connective tissue, which was 
compact and dense, with but few blood vessels in it. 
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Fat Stain (Scliarlacli R.) : A small amount of fat was i)resent within some 
of the muscle fibers, but the clear material in the muscle which gave the vacuolated 
appearance did not stain. 

Interventricular Septum : The same vacuolization and enlargement of the muscle 
fibers was shown in this preparation. The nuclei were distinctly enlarged and very 
hyperchroinatic. Many were vacuolated and apparently in the process of degenera- 
tion. An irregular scar, composed of modcratelj' dense, vascular connective tissue, 
extended down from the endocardium into the muscle for a considerable distance. 
Its position suggested that it must interrupt the conduction system. In one area, 
there was a large mass of muscle undergoing necrosis. The nuclei had piractically 
disappeared. Tlie striations, however, could be vaguely seen. Large phagocytic 
cells with vacuolated cytoplasm were collected about the infarct and were penetrat- 
ing into the necrotic muscle cells. 

The clot in the right ventricle showed the typical structure of a thrombus. 

The mass from the anterior descending branch of the left coronary artery proved 
to be a recent thrombus. 

The aorta showed no intimal thickening. With the van Gicson stain, the elastic 
fibers appeared to be large and well preserved. The media and adventitia were 



Eig. 7. — (Case 2) Nuclear degeneration of heart muscle fibers. The chromatin is 
concentrated at the margin of the nucleus. Hematoxylin and eosin ; X720. 

normal. The von Kossa stain for calcium was negative. Tliere were no changes 
in any of the smaller vessels, including those in the kidneys. 

Many of the alveoli of the lungs contained fresh blood and frequently groups of 
large mononuclear cells containing hemosiderin were collected in the alveoli. The 
capillaries of the septa were engorged, but did not bulge into the alveolar space, 
as in chronic passive congestion. Tlie larger vessels were normal. The pleura was 
of normal width and appearance. In one section appeared a characteristic infarct. 

Anatomical Diagnosis . — Cardiac hypertrophy and dilatation; hydropic degenera- 
tion of the heart muscle; fibrosis of the myocardium; infarcts of the heart, old and 
recent; thrombi in the right ventricle; infarcts of the lungs; right hydrothorax; 
embolus of the anterior descending branch of the left coronary artery. 

Final Note . — A case of extreme cardiac hypertrophy in a young man. The 
changes in the heart muscle were unique. The muscle had apparently undergone a 
marked hydropic degeneration, and a similar process affected the nuclei. No cause 
could be found to explain this. There were also recent and old infarcts and an 
embolus in the anterior descending branch of the left coronary artery. 



188 


THE AMERICAN HEART JOURNAI. 


Case 3. — Unit No. 81203. G. T., colored niiilc, married, iiged tliirty-one years, 
was admitted to the surgical service on May 10. He had been a rock-driller for 
ten years. He complained of a painful swelling in the riglit groin, which had been 
present for three weeks, and which ho first noted two days after a drinking bout. 
There were no cardiac symptoms. 

His mother died of heart trouble. He gave an indefinite liistory of “rheuma- 
tism” in the right hip fourteen years previously, which lasted for two weeks and 
never recurred. He liad gonorrhea at fourteen. He had never had a serious illness. 
He smoked two packages of cigarettes a day and rarely took alcohol. He liad been 
married for two years. There were no children. 

It was noted that the heart was enlarged to the left, the apex impulse being 
seen and felt 12 cm. from the median line in the fifth space. The sounds were of 
poor quality, and a soft systolic murmur was heard at tlie apex. The blood pressure 
was 100/60. The IVassermann reaction of the blood was negative. The leucocyte 
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Pis'. 8. — (Case 3) A. September 19, two weeks after the second admission to the 
hospital. Regular sinus rhythm, with rate of 94 and left ventricular preponderance. 
P-R (conduction) time is 0.15 second. The T-v/ave is inverted in Head I, diphasic in 
Lead II and upright in Lead III. Tln-ee days previously digitalis, 0.8 gm., was given. 
Graphic signs of cardiac damage are relatively slight. 

B. November 14 (six weeks before death). Auricular fibrillation, with rate of 72. 
There is but little change in the general form of the complexes. 

count was 9,700, with 70 per cent polyinorphonuelears. The urine contained neither 
albumin jior sugar. X-ray films of the chest showed no areas suggesting tubercu- 
lous infiltration, but the heart shadow was seen to be enormouslj' enlarged, par- 
ticularly to the left. 

A mass of infected glands in the right inguinal region was incised and drained. 
Microseopiic examination of a bit of tissue removed at operation showed no tubercles 
and no caseation necrosis. A definite diagnosis of tuberculous adenitis could not be 
made. The patient was discharged on Maj' 19, with a granulating wound. 

Two weeks later, he entered the citj’’ tuberculosis sanatorium, at Seaview, where 
he remained for two and one-half months. While there, an inguinal hernia was 
repaired. He gained ten pounds and was told that he did not have pulmonary tuber- 
culosis. The night before he left this institution, he had his first attack of dyspnea, 
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and was unable to sleep because of difficulty in breathing. In spite of this fact, 
he soon returned to his job, but after working for one day he again had a sudden 
attack of shortness of breath, and was obliged to stop. Dj'spnea continued, and 
palpitation and procordial pain appeared. On September 2 (three and one-half 
months after leaving the hospital and three days after resuming Avork), he Avas 
readmitted to the Avard. 

On admission, ho Avas cpiito short of breath and looked ill. The temperature Avas 
101.2° F. The left tonsil Avas moderately largo, but did not appear to be infected. 
There Avere coarse rales scattered throughout both lungs. The heart Avas greatly en- 
larged to the loft. The rate Avas 101. The rhythm Avas regular and the sounds of 
fair quality. There Avas a soft systolic murmur at the apex. The blood pressure 
was 98/72, but had risen on the folloAving day to 106/80. Tlierc Avas slight clubbing 
of the fingers. The liver and spleen Avorc not enlarged. Blood count shoAved: 
R.B.C. 4,260,000; hemoglobin SO per cent; leueoej'tcs 7,800, Avith 64 per cent poly- 
morphonuclears. Tlio 'Wasserniann reaction of the blood Avas again negatiA’e. The 
sputum, on culture, yielded many influenza bacilli and numerous colonies of 
Staphylococcus mirc-us and nonhemolA'tie streptococcus. No tubercle bacilli Avere 
found at any time. The blood urea A\'as 26 mg. per 100 c.c. Numerous blood cul- 
tures Avere negative. X-ray films of the chest shoAved patchy areas of density in the 
lower third of the right lung, suggesting pneumonic consolidation. The heart shadoAV 
Avas enormously enlarged. There Avas a good deal of peribronchial thickening, 
Avhich Avas attributed to congestion of circulatory origin. The electrocardiogram 
shoAved sinus tachycardia, Avith rate of 120, and Avell-marked left preponderance. 
The P-K interval Avas 0.16 second. The T-wua’c Avas inverted in Leads I and II, and 
Aipright in Lead III. Inversion of T, and T„ suggested myocardial damage (Fig. 8). 

There Avas continuous elevation of temperature, Avith fluctuations from 98 to 
104.8° F. There Avas also sustained tachycardia, the rate usually ranging betAveen 
90 and 110. Sinus tachycardia persisted until November 14, Avhen auricular fibrilla- 
tion, Avith rate of 72, was obserA-cd. Four days later, sinus rhythm reappeared. The 
leucocytes Avere never greatly increased, the highest count recorded being 12,000, 
AA'itli 85 per cent polymorphonuclears ; they aa-ci-c usually under 10,000. There Avas 
no significant change in red cells or hcmoglobiiA. 

On September 12 (ten days after admission) he complained of sudden blindness 
in the left eye, and it Avas apparent that there had been an embolus in the central 
artery of the retina. Subsequently, expectoration of blood and pain in the left 
lumbar region suggested infarction of the lungs and left kidney. The blood jiressure 
remained Ioaa- — 100 to 108 mm. systolic; 64 to 88 mm. diastolic. Aspirin, in large 
doses, appeared to have a mild antipyretic effect at times. The signs and symptoms 
of cardiac insufficiency gradually increased and Avere uninfluenced by digitalis, 
given at first in full dosage, and later as a maintenance ration. Congestive heart 
failure became extreme and a cardiac i)S 3 'chosis developed. He died on December 
30 (4 months after admission), of adA'anced cardiac insufficiencJ^ 

Autopsy No. 10368 . — The autopsj’- aa’us performed by Dr. D. H. Andersen. On 
external examination, the striking feature Avas marked edema of the legs to the 
thighs, and also of the hands. The supraclavicular and axillary lymph nodes Avere 
moderately enlarged. There Avas slight clubbing of the fingers. 

Thoracic Cavity: The pericardial sac contained 200 c.c. of clear, blood-tinged 
fluid. The heart occupied an area measuring 12 cm. in its vertical diameter, and 
16 cm. in its tranSAmrse diameter. The right pleural cavity contained 900 c.c. and 
the left 400 c.c. of blood-tinged fluid. 

Heart; The heart Aveighed 640 grams. The visceral pericardium Avas dull and 
there Avere a feA\^ small deposits of fibrin OAmi- both auricles and A^entricles. These 
deposits were especially marked at the apex of the left ventricle. Over the upper. 
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anterior portion of the right ventricle, there was a white, opaque patch of thickened 
pericardium, about 2 cm. in diameter. The right auricle was not enlarged. The 
foramen ovale was closed save for a narrow, slit-like opening along the anterior 
margin. The tricuspid valve was composed of four leaflets, the e.xtra leaflet being 
formed by the division of the marginal segment into two leaflets of approximately 
equal size. There ivas slight edema along the mai-gins of the valve. There was 
thickening and lengthening of the chordae tendineae and moderate hypertrophy of 
the papillary muscle. The right ventricle was markedlj’ dilated, especially in the 
region of the conus, below the loulmonary valve. There were thin streaks of endo-. 
cardial thickening over the interventricular septum, and along the anterior w’all of 
the ventricle. The interventricular septum bulged to the right. Numerous small, 
mural thrombi occupied the entire apex of the right ventricle. These appeared to be 
organized, and the subjacent }nusele wall was thinned out. The left auricular wall 
was hypertrophied. There was slight, marginal thickening of the mitral cusps, 
particularly of the anterior leaflet. 

The left ventricle was greatly hypertrophied and dilated, giving it an almost 
spherical shape. The endocardium of this thamber was thickened. Many small, 
adherent thrombi filled the interstices of the columnae carneae at the apex. The 
myocardium at this point was greatl}' thinned out. On section, fine fibrous strands 
extended from below the endocardium into the muscle. 

The coronary arteries showed no changes, except for slight intimal thickening of 
the left branch. 

The aorta and systemic arteries were normal. There were infarcts in the right 
lung, and in both kidneys. In a number of the inguinal lymph nodes were seen 
small areas of scarring. 

The changes in the other viscera were those characteristic of chronic passive, 
congestion. 

Microscopic Examination , — 

Seart; The epicardium was slightly thickened. The muscle fibers were hyper- 
trophied and their nuclei were irregular in shape, pale and uneven. Occasional 
small hemorrhages were observed separating groups of muscle bundles. Along 
the endocardium were seen old, completely organized and more recently formed 
thrombi. There was no evidence of acute inflammatory change in any of the 
sections. Gram and Levaditi stains showed no organisms. 

The mitral valve w'as slightly thickened, due to edema. There was no cellular 
infiltration. 

The coronary arteries, aorta and systemic vessels showed no changes. 

An inguinal lymph node showed small areas in its center, which contained 
pinkish, necrotic tissue. At the margin was a ring of young fibroblasts, forming 
a layer of even thickness about the necrotic mass. Around the fibroblastic ring 
were Ij'mphocytes. A few giant cells were seen in tlie zone of fibroblasts. 

Anatomical Diagnosis . — Cardiac hypertrophj' and dilatation; mural thrombi in 
the ventricles; infarcts of the right lung and both kidne 3 ’s; chronic passive conges- 
tion of the lungs, liver, spleen, and pancreas; bilateral hj’drothorax ; hydroperi- 
cardium; ascites; edema of the extremities; tuberculosis of the inguinal lymph 
nodes; chronic prostatitis; congenital malformation of the heart (patent foramen 
ovale and quadricuspid tricuspid valve). 

Final Note (bj' Dr. A. M. Pappcnlieimer) . — Tlie central lesion at autopsy was 
an enlarged heart with parietal thrombi, but without any significant valvular or 
mj-oeardial lesions. The changes in the other organs were those associated with 
embolism and infarctions from mural thrombi and rvith cardiac insufficiency. In 
view of the patient’s historj' of ten j-ears of rock-drilling, one might anticipate 
silicotic changes. The cough and the x-ray findings were in accord with this possi- 
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bility, but the sections of the lung offered no support for this diagnosis. The 
enlarged lymph nodes in the groin, for which the patient originally entered the 
hospital, contained structures which resembled tubercles, but this could not be 
proved. The cause for the cardiac dilatation and mural thrombosis remained un- 
discovered. Tlicre were no clear-cut inflammatory changes other than those asso- 
ciated with the organizing thrombi. 


DISCUSSION 

Clinical Picture . — These three eases presented certain features in 
common. The patients were young adult males, aged respectively 
eighteen, twent 3 ’'-ninc, and thirtj'^-one jmare. Two were white, one was 
a negro. The symptoms of onset were palpitation due to cardiac ir- 
regularit.y in two, dyspnea and precordial pain in the third. The dura- 
tion of illness from the onset of incapacitating sjunptoms to a fatal 
termination was less than a year in all. In two instances, brief attacks 
of arrhjdhmia liad been noted several jmars previousljL Death was due 
to rapidlj’’ progressive cardiac insuffieiencj" in the two older patients and 
to coronary embolism in the j'oung man, aged eighteen. 

The heart was conspicuousl.y enlarged in all. There were no signs of 
valvular disease. The blood pressure was normal or a little below the 
nomal. There were no evidences of arterial or arteriolar sclerosis. In 
each patient there occurred embolisms to the viscera — to the lungs in 
all three, to the kidneys in tv'o, and to the central arteiy of the retina 
in one. In one patient, as has been stated, a coronary embolus terminated 
life. At autopsy, it was apparent that the emboli originated from masses 
of thrombi which lay witliiii the ventricles of the heart. Fever was 
present for varying periods preceding death, and was probably asso- 
ciated with visceral infarctions. 

In two cases, tachjmardia and other cardiac arrhjdhmias plajmd a 
prominent role in the course of events. Frequent transitions from one 
rhythm to another were recorded in electrocardiograms, which at times 
showed bizarre complexes. In the third ease, the form of the graphic 
records deviated relativelj^ little from the normal, and a short paroxysm 
of auricular fibrillation was the only form of irregularitj''. 

Pathology . — Examination of the three hearts at autopsy revealed a 
number of points of similaritjq as well as certain individually character- 
istic lesions. In the gross, enormous hypei’trophy was sticking, the heart 
weights being 740, 750, and 640 grams, respectiveljL There were areas 
of myocardial softening in two cases, especially noticeable in the region 
of the interventricular septum. In places, the endocardium was thick- 
ened. Thrombi laj^ between the columnae carneae of the ventricles and 
bits of clot had evidently broken off with resultant embolism and in- 
farction in the lungs and kidneys. 

There were no vegetations on the heart valves, nor was parietal endo- 
carditis present. The aorta, coronary, and systemic arteries showed no 
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changes. The kidneys appeared to be normal. In no instance was tlic 
thymus enlarged. 

On microscopic examination, hypertrophy of individual muscle fibers 
was observed in all three cases. In two, infarcts of the myocardium 
were seen undergoing necrosis, as well as in various stages of degenera- 
tion and repair. In other sections there were numerous connective 
tissue scars, representing healed lesions. 

As noted in the protocol, the heart muscle cells and their nuclei in 
Case 2 exhibited a curious hydropic degeneration, with extreme vacuo- 
lization. Similar changes have been observed in the myocardium of 
patients who have died of diphtheria.^ In Case 3, only a few hemor- 
rhages were seen between the bundles of hypertroiihied muscle cells. 

There ivere no inflammatory changes other than those associated with 
organizing thrombi. A diligent search was made for lesions suggestive 
of rheumatic fever, syphilis, or arteriosclerosis, but none were found. 

Etiology . — The histoi-ies and clinical data afford no clues as to etiology. 
Even in the light of the post-mortem examinations, the cau.se for the 
cardiac enlargement and mural thrombosis remains obscure. With such 
imperfect knowledge, it is impossible to say whether these eases repre- 
sent a single condition, perhaps at various stages of its evolution; or 
whether we are dealing with three persons whoso hearts have reacted in 
similar, though not identical, fashion to entirely different harmful 
processes or agents. At present, it is difficult to bring into association 
the diverse lesions found in the myocardium on microscopic examina- 
tion; yet similarity of many of the essential features, both clinical and 
pathological, lends support to the belief that the three cases may be 
regarded as bearing a relationship to one another. 

A discussion of possible pathogenetic factors must, of necessity, be 
purely hypothetical and it is apparent that no definite conclusions can 
be formulated. The role of prolonged, violent exercise or of excessive 
fluid intake seems excluded by the histories. There were no abnormali- 
ties in the origin or distribution of the coronaiy arteries. 

That the cardiac enlargement may be the result of a congenital 
anomaly is suggested by certain points of resemblance between these cases 
and instances of “idiopathic hypertrophy of the heart” in children, of 
which some fifty adequately described examples are on record. A num- 
ber of these young patients have not manifested anj^ symptoms until 
they wei’e several j^ears of age, and this, as Howland' has said, would, 
make it seem possible if not probable, that the hypertrophy has been 
late in developing. In one of the children reported bj’’ him, there were 
no signs of cardiac disorder until the age of four, klost of these young- 
sters, however, have not survived for many months, and the final 
catastrophe has been of short duration, a matter usually of a few days 
or Aveeks. Examination of many of the hearts at autopsj^ has shown 
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but little other than hypertrophy of the fibers; and some observers 
would exclude from the group those eases exhibiting further changes in 
the lieart muscle. In a. number of instances in which the established 
criteria, were otherwise satisfactorily met, lymphocytic infiltrations be- 
tween the muscle bundles have been found. In more recent accounts 
there have been described, in addition, areas of degeneration and necrosis 
in the myocardium, with replacement fibrosis and endocardial thicken- 
ing. 3. •» hydropic degeneration of the heart muscle cells;"’ and vacuoliza- 
tion of these cells, which was regarded as distinctly abnormal and of 
unknown origin.'^ 

In our omi cases it is conceivable that the condition, if the result of 
congenital predisposition, may not have developed until later in life. 
How long hypertrophy was present prior to the onset of discomfort, is 
not Imomi. The rapid increase in the scvci*ity of the symptoms, as well 
as the character and extent of the lesions at autopsy, jioint to a progres- 
sive process. It is of interest to note that minor congenital malforma- 
tions were present in two of our ]ndients; namely, a common origin of 
the innominate and left common carotid arteries, and anomalous fissura- 
tion of the lungs in Case 1; partial patency of the foramen ovale and a 
cpiadricuspid tricuspid valve in Case 3. 

"Whereas at the bedside an infectious origin was suspected, no evidence 
in support of this notion was jiresent at autopsy. The resemblance of 
the hydropic degeneration of the muscle fibers to the lesions sometimes 
found in diphtheria has already been mentioned. No lead was obtained 
pointing to any specific causative bacterial agent or virus; and the usual 
changes associated with inflammation were conspicuously absent. There 
were no cellular infiltrations such as chai'aclerize acute interstitial myo- 
carditis of the Fiedler type. 

In a search of the literature, only two cases were encountered which 
might be regarded as bearing some resemblance to those here described. 
Laubry and Walser^ observed a robust youth, aged fifteen years, who 
died suddenly within three months after the onset of anorexia and 
dyspnea. There was no history of antecedent disease. The symptoms 
of cardiac insufficiency were rapidly progressive and Avere unresponsive 
to the usual therapeutic measures. 

At autop.sy, the heart weighed 490 grams. The myocardium Avas pale 
and flabby. There Avere no valvular lesions or intracardiac tlu’ombi. A 
large infarct Avas present in the loAA^er lobe of the right lung. The aorta 
Avas normal. Microscopically, the heart muscle shoAved only a mild de- 
gree of interstitial edema. There Avere no pathological changes in the 
other organs. 

To this form of cardiac insufficiency Avithout apparent cause, Laubry 
applied the term “myoeardie.” Walser® again reported the same case 
in the monograph submitted for his thesis and endeavored to enlarge 
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upon the concept. But he added no relevant clinical material con- 
trolled by post-mortem examination. 

The second case was described by Whittle.” A twenty-year- 
old student at Cambridge, England, suddenly fell dead while riding 
his bic 3 "cle. Post-mortem examination revealed a huge heart, which 
weighed 840 grams. The valves, endocardium, and coronary arteries 
were normal. The thymus weighed 30 grams. The aorta was quite 
delicate and of small caliber, measuring 16 mm. at the beginning of the 
descending portion (the average normal aorta at this level measures 23 
mm.). There were flecks of early atheroma near its origin. An acute 
tracheitis was present, hlieroseopie examination of sections of the left 
ventricle showed cloudy swelling, Avith loss of regular striation of the 
fibers. There Avere no foci of necrosis, degeneration, or inflammation. 
The kidneys Avere normal. There AA’ere no changes in the systemic 
arteries or in the arterioles of tlie Auscera. 

The history revealed little. He had been healtliy and lived a normal 
life. He had done much cycling OA'cr long distances, but no racing. 
There Avas no CAddenee of indisposition prior to death. The IcA’^el of tlie 
blood pressure Avas not knoAvm. 

The great size of the heart remained entirel.y Avithout explanation. 
The large thj^mus and hypoplastic aorta Avere not considered to be pri- 
mary causative factors. Cloudy sAA'elling of the heart muscle fibers Avas 
ascribed to a toxic effect of the acute tracheitis. Whittle regarded the 
prolonged muscular exertion of cycling as an important element in in- 
ducing the cardiac hypertrophy. But such an intexqu’etation of the facts 
IcaA-'es many olxAdous questions unansAvered. 

Diagnosis . — During life, prominence of the cardiac manifestations in 
all three cases suggested rheumatic fcAmr as the most likely etiological 
diagnosis. Elevations of temperature, systolic muimui’s, and frequent 
changes in the fonn of the electi’oeai’diogi’am tended to support this. idea. 
In the fii’st case, because the patient had lived in South America, 
diagnostic consideration Avas given to the cardiac form of Amei'ican 
trypanosomiasis, as desci’ibed by Chagas. In this case also, coronaiy 
disease and syphilis Avere mentioned as the basic pathological states. In 
the third patient, clubbed fingei’s and the numerous embolic phenomena 
brought up the possibility of subacute bacterial endocarditis. This man 
Avas a negro and biopsy of an enlarged inguinal gland shoAved structures 
resembling tubercles; hence, it AA-^as infei’red that tuberculous pericarditis 
might be present, pei’haps Avith adherent pexaeardium. He had also been 
a rock-driller for ten years. It Avas not unreasonable to suspect silicotic 
changes in the lungs, to AA'hieh the cardiac distui’bances Avere secondary. 

For the present, the diagnosis, if made during life, must be arrived 
at bj’’ exclusion. It is not ImoAAai Avhether these eases are unrelated in 
their pathogenesis or repi’esent diffei’ent phases of a single disease 
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process. In the absence of snch laiowledge and of the etiology, it ^Yonld 
serve no useful purpose at this time to attempt to define diagnostic 
criteria. It is hoped that further observations will tlirow added light 
on this unusual form of cardiac enlargement. 

SUMMARY 

Three eases have been described presenting an unfamiliar clinieal pic- 
ture. The main features were great eardiac enlargement, intra- 
ventricular thrombosis with embolisms to the viscera, and death within a 
year after the symptoms were well established. Tliere were no signs 
of valvular disease or aiTeriosclerosis, and the blood pressure was at 
the normal level or slightly beloAv it. Microscopic examination of the 
myocardium showed hypertrophy of muscle fibers in all, infarcts in vary- 
ing stages of degeneration and repair in two, and in one of these, a 
curious hydropic degeneration of the heart muscle cells with vacuoliza- 
tion of the sarcoplasm. The third case showed only a few hemorrhages 
between the muscle bundles. No inflammatory changes or signs of 
arteriolar disease were observed. 

Though clinically the patients presented many essential features in 
common, the lesions at autopsy were not identical. It Avas not possible 
to state whether these cases represented a single condition at different 
phases of its development or were entirely unrelated in their patho- 
genesis. The etiology remained obscure. 
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THE HEART H\ ^lYXEDE.HA, WITH A ]rEPOJ{T OF TWO OASES« 


JIai.lock, ]\r.D. 

31 IXXKAI'OIA.S. 31 IXX. 

S INCE the orijfiiial oheerviitions of Eoiulek' in H)I8 on the so-eallefl 
niyxedeiiia luart, eonsideeable lil(‘i’alni'e lias aecnininlatod descriliiiig 
Die cardiac .scf|iiencos I’csnltiii'^ from the myxedoniatons state. From tlie 
st ndie.s rejjortc-d hy various authors conflict in',' opinions liave arisen con- 
cerniii”' tlie extent of dama<re to the lieart in tlie course of the disease. 
Althou"h several authorities liave (piestioned the very existence of 
a cai’diac .syndrome associated ivitli myxedema, it is noAV ivell estal)- 
lislied tliat jn-otracted cases in some instances will produce frro.ss sifriis 
of myocardial insufficiency. The controvcr.sy a]ipear.s to be centered 
about the question of the fre({ueney of heart failure in myxedema. 
Lerman. Clark and 3Icans" are of the opinion that conjresfive failure 
in myxedema is rare, while Fahr'’ contends that the incidence of heart 
failure associated with the disease is high. 

Because of the inconstancy of heart failure in I'eported cases of 
myxedema. I have aiiproached the .study of the jiroblem from an angle 
somewhat ditl'erent from that of j)revi(;us investigators in an attempt 
to determine when true heart failure exists in myxedema. The oppor- 
tunity for the study was afforded by two typical cases of myxedema 
in each of which the outstanding .symjitom was dy.spnea. Case 1 pre- 
sented the findings of a gross congestive failure of a moderate degree. 
In Case 2 this feature was entirely lacking; yet further studies indi- 
cated that myocardial insufheieney was actually present. 


REVIEW OP EITEKATURE 

As already mentioned, myxedema lieart was fir.st I’ccognized as a clini- 
cal entity by ZondelC in ISIS who reported four unusual cases of myx- 
edema in wliich he could dcmoH.strate cardiac enlargement with sluggish 
cardiac movements, accompanied by bradycardia and alterations in the 
electrocardiogram. lie not only demonstrated the existence of a gen- 
eralized cardiac dilatation but also observed a remarkable diminution 
in the transverse diameter of the heart and a return of the electro- 
cardiogram to its normal contour following the administration of 
thyroid extract. A reduction of 5.7 cm. in the transverse diameter of 
the heart was noted in one of his eases after eight weeks of thyroid 
therapy. Since his original obseiwation, corroborative evidence has 
accumulated in the literature to justify the term m.yxedema heart as a 

'From the Department of Medicine, University of Minnesota and Minneapoii.s Gen- 
eral Hospital. 
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distinct clinical entity in heart disease. Thus Assnian* in 1919 re- 
ported a case of myxedema heart, the findings in which conformed in 
all respects to those of Zondek. This observer showed that digitalis 
was ineffective upon the heart failure in myxedema. However, when 
thyroid therapy was instituted in this case, marked clinical improve- 
ment of the myxedema and of the heart failure was noted. The 
transverse diameter of the heart decreased 4 cm. In 1920 Meissnei"’ 
reported three cases of myxedema. Following thyroid therapy there 
Avas a shrinkage of 4.5 cm. in the transverse diameter of the heart as 
shown by the teleroentgenogram. The second case was complicated 
by a ehi'onie nephritis ivith a systolic pressure of 180. After two 
months of thjn'oid therapy, a marked clinical improvement Avas ob- 
sciwed, althongh snbsecpient x-ray studies shoAved no actual shrinkage 
in the size of the heart. The third case studied shoAved no cardiac en- 
largement. In 1924 Lanbry, Mnssio-Ponrnier and ^Yalser''’ reported a 
case of myxedema associated Avith anginal attacks. Orthodiagi'aphic 
studies disclosed cardiac dilatation. Again in this case, Avhen digitalis 
AA'as administered, no relief Avas noted, bnt Avhen thyroid medication 
Avas initiated, marked clinical improvement Avith a reduction in the 
size of the heart Avas soon apparent. In 1925 Fahr' reported three 
cases of myxedema. In his first case, he shoAved that the administra- 
tion of digitalis, rest in bed, and fluid restrictions had very little thera- 
peutic effect in ameliorating the symptoms and signs of heart failure. 
HoAvever, Avhen thyroid therapy Avas instituted, the signs of congestive 
failure promptly cleared up. In one of his cases, after a period of 
seven Aveeks under thyroid treatment, the transverse diameter of the 
heart decreased from 19 cm. to 12.7 cm. The electrocardiogram, A\diich 
originally shoAved a left axis deviation, negative T,, and i.so-olcctric T,, 
AAdth a QRS spread of 0.18 sec., also became normal. He Avas further 
able to shoAv that after the AvithdraAval of thyroid, not only did the 
signs of myxedema reappear, bnt also that the heart again dilated so 
as to produce signs of cardiac insufficiency. Cnrschman® in 1926 also 
described a case of myxedema Avith cardiac dilatation and congestive 
heart failure AAdiich responded readily to thyroid medication. In 1929 
Dnden® reported a case of myxedema Avith myocardial failure Avliich 
disappeared folloAving the administration of thyroid. A recession of 
3.5 cm. in size of heart Avas observed after a period of six Aveeks. In 
1931 Davis^® confirmed the results obtained by Fahr. He reported that 
after the restoration of the heart to its normal size under thyroid 
regime, the heart would dilate and signs of congestive failure reappear 
if thyroid Avas AvithdraAvn. He shoAved’ further that the heart Avould 
again return to its normal .size, AAdth the disappearance of heart fail- 
ure, upon the I’eadministration of thju’oid. This he could not accom- 
plish Avith digitalis. This phenomenon of dilatation and return to 
normal suggested to Dr. Moses Barron” the term “accordion heart.” 
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Cases of m3’xedema Avitliont congestive failure but with diffusely 
dilated hearts have been reported. Zius and Hosier'- in 1926 were able 
to demonstrate a shrinkage of 3.3 cm. in the transverse diameter of the 
heart after three weeks of th,yroid therapj’'. Similarlj’’, Schittenhelm 
and Eisler^" in 1927 reported a reduction in the transverse diameter of 
the heart from 18 cm. to 14-.7 cm. in a period of eleven days after intra- 
venous administration of 12 mg. of th3woxiu. The electrocardiogram 
also returned to normal in this short iieriod. In 1929 Holzman^'* re- 
poi’ted a case veiy similar to that rejiorted b3’- Meissnei”’ — that of a 
man fift3^-eight 3mars of age who presented the typical signs and S3"mp- 
toms of m3'-xedema. The heart was enlarged both to the left and to the 
right as seen in the x-ra3’’ film, Avhile the electrocardiogram showed a 
low voltage in all leads with left axis deviation and abnomal QRS 
complexes in all leads. ]\Iarked clinical improvement of the m3'xedem- 
atous state was observed following adecpiate dosage of th3’’roid, 3^et no 
demonstrable changes were noted in the graphic records, nor was there 
au3^ appreciable reduction seen in the x-ra3’' outline of the heart. 

The existence of the cardiac s5mdi‘ome of m3’xedema heai*t has been 
challenged b3'’ sevei*al authorities. Christian,^'' in a comprehensive 
study of thirt3’' cases of m3'xedema in 1925 , was unable to find a single 
case which exhibited evidence of congestive failure with a picture of a 
generalized eai’diae dilatation as described b3^ Zondek, Assman and 
Fahr. Willius and Haines,^® after stud3dng 162 cases of m3’’xedema 
with particular reference to the status of the heart in m3^xedema, were 
unable to justif3'' the establishment of a cardiac s3’udrome of m3''x- 
edema. Means, White and Krantz^" studied forty-eight cases of m3’'x- 
edema with special reference to the cardiac signs. They found onl3'’ 
one case which showed the classical signs of cardiac dilatation and 
T-wave negativity as described by Zondek. While the3'' admitted that 
myxedema heart existed, the3'' emphasized the rarity of the condition. 
Case,^® in an anal3^sis of 58 cases of m3'xedema, could not find a single 
one corresponding to Zondek’s description. A3^man, Rosenblum and 
Faleon-Lesses*® reported two tyiiical cases of nyxedema showing the 
classical signs of cardiac dilatation Avith changes in the electrocardio- 
gram, but found no evidence of cardiac insufficiency. Lerman, Clark 
and Means^ in a recent study in a series of thirt3’- cases of ny'xedema 
were able to find onl 5 ’- one case which shoAved eAudence of gross con- 
gestrte failure. HoAveAmr, the 3 '’ point out that four cases shoAved evi- 
dence suggestive of cardiac failure. One case shoAved crepitant rales 
at the lung basis and pitting edema of the extremities and the sacrum. 
The second case shoAA^ed a small amount of fiuid in right pleural caAdty, 
pitting edema, and the liver palpable at the costal margin. The other 
two cases revealed crepitant I'ales at the lung basis, palpable liver 
edge, and pitting edema. All of these signs disappeared on rest and 
thyroid medication. Yet, they do not consider these findings conclu- 
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sivG evidencG of myocardifil iustifficiency as a dii'sct result of tlie myx- 
edematous state. They are of the opinion that the patients who pre- 
sent findings suggestive of cardiac failure usually have a coexisting 
hypei'tension and arteriosclerosis. Means”® remarks that "while the 
phenomena of congestive failure are rare, the characteristic enlarge- 
ment described by Zondek is commonly seen. In the Massachusetts 
General Hospital series of thirty cases, twenty-seven under thyroid 
therapy showed some shiinkage in size as determined by roentgeno- 
logical examination. Therefore, Means concludes, in view of the fact 
that some degree of dilatation is almost always present, that cardiac 
enlargement should be considei’ed a part of the xiicture of myxedema 
rather than a complication. 

On the other hand, Pahr,^ in a recent study of seventeen cases of 
myxedema heai*t, concluded that 75 per cent showed some signs and 
symptoms of heart failure, while 30 per cent showed very sevei’e evi- 
dence of congestive failure. Tung,”^ in an analysis of eighteen cases 
of myxedema, found seven eases (39 per cent) which showed signs of 
cardiac insufficiency. Thus there ajipears to be a considerable dis- 
crepancy in the incidence of heart failure in myxedema as reported by 
the various authors. 

However, in the analysis of these Massachusetts General Hospital 
eases,®® 65 per cent of the series showed dyspnea. This agrees very well 
with the report of Ayman and his associates who found that of twenty- 
two cases analyzed from the literature, 60 per cent showed shortness of 
breath. Whether or not dyspnea should be intei’iireted as a cardinal 
symptom of congestive failure in cases of myxedema is, of course, a 
matter for argument. If it were possible to analyze the dynamic 
events as cardiac dilatation manifests itself, it Avould probably be 
found, as Wiggers®® believes, that the degree of dyspnea is roughly 
related to the decreasing efficiency of the heart. In this event, the 
percentage of heart failure, in the strict sense of the term, would 
obviously be too low in the Massachusetts General Hospital series. 

CASE REPORTS 

Case 1. — White female, aged fifty-six years. Chief eomplaints were increasing 
weakness and fatigue and marked dyspnea on exertion. She dated the onset of her 
illness approximately six years ago. At that time, her first symptom was weakness, 
which steadily progressed. This was accompanied by gradual loss of ambition. 
She was seen then by a physician and was told that she had high blood pressure. 
In the past four years, her skin had become dry and scaly with a loss of hair. She 
also noted that she began to increase in weight in spite of the fact that her appe- 
tite was poor. During the past two years, she noted that her voice gradually became 
coarser and deeper in pitch. Her tongue was -* always in the way” when she wanted 
to talk. Some impairment of hearing was noted at this time. She felt cold con- 
stantly, even during the hot summer days. For the past two years she visited a 
physician because of rheumatic pains in her knee joints and right shoulder. The 
medication given offered no relief. A bloated feeling in her abdomen bothered her 
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constantly. For the past year, she was forced to abandon her social activities and 
housework because she was becoming so sluggish and clumsy. Her memory became 
poor, and she appeared to take no interest in life. Especially during the last year 
she noted that she was becoming short of breath. It was almost impossible for her 
to climb the stairs and do her liousework because the slightest exertion would compel 
her to stop and gasp for breath. During the past half year, she noticed that her 
ankles and legs were swollen. There was no history of thyroidectomy or thyroiditis. 

Physical examination revealed a typical case of niy.xedema. The patient ap- 
peared listless and apathetic. Cerebration was retarded. Articulation was slow. 
The voice was deep and of a monotonous character. The palpebral fissures were 
markedly narrowed with inilfj’, boggy lids. The nose was broad and thick. The lips 
were thick and had the appearance of a reddish cyanosis. The complexion was pale 
and wa.xy with a circumscribed pinkish flush over the malar prominences. The 
hair was sjiarse and brittle. Bolsters of suin-aclavicular fat were jjresent on both 



Fig. 1. — Case 1. Appearance of teleroentgenogram before and after five and one- 
half months of tliyoid therapy. Before treatment: basal metabolic rate -3G per cent: 
blood pressure 160/110 mm. After five and one-half months of therapy: basal 
metabolic rate —I per- cent : bicod prcocuro lo.j/?S mm. 

sides. The skin felt cold and was thick and drj’. Dyspnea on the slightest ex- 
ertion was evident. The heart tones were faint. The jiiilse rate was 68. Ho 
murmurs wore elicited. Bales were present over bases of both lung fields. The liver 
was palpable at the cost.al margin in the midclavicular lino. No ascites was noted. 
Considerable pitting edema of the lower extremities was present. No varicosities 
were found. The vital capacity Avas 2200 c.c. The patient Aveighed 187 lb. 
Wasserinann and Kahn tests AA'ere negatiA’C. Hgb. 66 per cent; E.B.C. 3,280,000; 
W.B.C. 6,800; P.M.N. 70 per cent; Lymph. 24; Mono. .'5; Eos. 1. Urine shoAA'ed a 
specific graA'ity of 1.025 A\-ith faint trace of albumin and 0-1 pus cells, and occasional 
hyaline casts. The jAlasma protein determination AA'as above normal. B.M.E. 
30 per cent. Blood pressure 160/110 mm. Six-foot plate of the heart shoAved a 
diiriisely dilated heart, Ml — 10.il cm.; Mr — 4.0 cm.; T — 15.5 cm. TranSA-erse 
thoracic diameter — 20.5 cm. (Pig. 1.) The graphic record on admission (Pig. 2) 
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demonstrated a tendency to a right axis deviation, isoelectric T, with slightly positive 
P,, diphasic T, and diphasic T,. The QKS spread in all leads was 0.1 sec. and 
therefore just at the nirper limits of normal. Byoground examination showed a 
minimal degree of retinal arteriolosclerosis. The patient Avas started on l.o gr. 
of thyroid extract (Armour ’s) daily, and on the third day, the amount Avas raised 
to 3.5 gr. Fluids were not restricted and the patient AVas not put to bed. 

Definite changes Avere observed in the graphic records one Aveck after the in- 
stitution of treatment (Fig. 2). The doAvinvard deflection of the S-Avavc in Lead I 
had returned to the normal position ; the diphasic T, and T, had become definitely 
positive. Graphic records taken approximatelj' one and one-half months after treat- 
ment shoAved a positiA-e T in all leads, and this could be iirterpreted as a normal 
electrocardiogram. 



ill 


A B C 

Fig-. 2.— Case 1. Electrocai-diographic changes: (A) before institution of thyroid 
therapy; (B) one week after the institution of treatment; (C) six Aveeks after the in- 
stitution of treatment. 


Teleroentgenograms shoAved a definite decrease in size of the cardiac shadoAV ap- 
proximately one month after treatment. By this time a shrinkage of 1.7 cm. in the 
transA'erse diameter of the heart had occurred. It Avill be noted that the shrinkage 
occurred mainly on the right side of the heart. This is consistent with the QES 
cliange in Lead I Avhich occurred as early as one Aveek after treatment. After five 
months of treatment, there was a total diminution of 2.9 cm. in the transA-erse di- 
ameter of the heart (Fig. 1). 

It is also of interest to correlate the blood pressure changes Avith the return of 
the heart to its normal size. The initial blood iiressure AA'hieh Avas ICO/110 mm. 
dropped to 140/90 mm. after one month, and to 135/85 mm. after two months of 
treatment. Since then it has A'aried slightly AA’ith the last reading. Dudeno in 1931 
reported a similar finding in a case of myxedema Avith myocardial insufficiency. 
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Before treatment, the blood pressure was recorded as 1S0/I30 mm. After treatment, 
with the disappearance of the si^n of coiiRcstivc failure, the blood pressure dropped 
to 130/85 mm. 

The initial B.^I.B. which was -30 per cent (checked) rose to -10 per cent after 
four weeks, to -9 per cent after eight weeks and to -3 per cent after twelve weeks 
of treatment. The weight loss in six weeks was 21 pound.s, from 185 to 101 pounds. 
The vital capacity which U'as 2200 on admission changed to 2000 during the same 
period of time. 

The case has now been followed for six months. At the end of the first six 
weeks, marked changes were already obvious. However, a slight amount of pitting 
edema was still present. The marked dysjmea on exertion, as well as the pitting 
edema, which the patient presented when first seen, had entirely disappeared after 
four months of treatment. Five months after treatment, it was no longer difficult 
for the patient to do her housework, to climb stairs or to take long walks. Her 
weight now was 14*1 iiounds. The day before her last visit to the hospital she had 
done a large washing, and had sawed ten pieces of cord wood. 



Fie. 3. — Case 2. Appearance of tcleroenteenoprain before and after two months 
of thjTold therapy. Before treatment: basal metabolic rate -30 per cent; blood pres- 
sure 130/90 mm. After two months of therapy: basal metabolic rate -4 per cent: 
blood pressure 130/70 mm. 

C.\SE 2. — White female, aged fifty-six years. Chief complaints were fatigue and 
dyspnea on exertion. Onset of trouble began about two years ago with occipital 
headaches and development of a "tired feeling.” Then she became constipated and 
began to gain weight. About eight months ago, she noticed a change in voice and 
swelling of the face, especiallj' around the eyes. Her skin became very drj' and 
rough, and her hair became dry and began to fall out. Her physician treated her 
for nephritis without relief. During the past few months, she noticed rapid develop- 
ment of fatigue and impairment of memory. Her normal weight of 145 had in- 
creased to 174 pounds. She could walk only a block or two before becoming ex- 
hausted. She had difficulty in doing her simple housework. Climbing the stairs 
in her house was almost an impossibility because of shortness of breath. She had 
no history of thjToidectomy or thjToiditis. A cholecystectomy had been performed 
nine years ago and tonsillectomy four years ago. 


N. 
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"While this patient did not present the classical array of signs of myxedema as in 
Case 1, yet there was sufficient evidence to establish a diagnosis by physical exam- 
ination. There was considerable puffiness around the eyes, with moderate narrowing 
of the palpebral fissures. Her voice was deep and coarse and her speech was slou\ 
There was a masklike appearance of the face. Mental torpor was not evident as in 
the previous case. The skin ivas dry and rough, but not markedly thickened. Heart 
tones were faint. Her temperature was 97” H. and her pulse rate 64. Weight 175 
pounds. Blood pressure 130/90 mm. Basal metabolic rate —30 per cent. 

The lung fields were clear. The liver was not palpable. No ascites was present. 
No pitting edema of lower extremities noted. The blood pressure was normal. 
Hgb. 90 per cent; W.B.C. 5,500. Wassermann reaction negative. Kidney con- 
centration test showed good renal function. Very faint trace of albumin was pres- 
ent in the urine with 18-20 pus cells per microscopic field. Blood urea nitrogen 
18.9 mg. per 100 c.e. Vital capacity 2400 e.c. Eyeground examination showed no 
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Fi&. i.—Case 2. Electrocardiagraphic changes ; (A) beCore the institution of thyroid 
therapy: (B) nine days after the institution of treatment; (C) two weeks after the 
institution of treatment; (D) eight weeks after the institution of treatment. 

arteriolar changes. The graphic record (Fig. 4) showed low voltage in all leads 
(under 5 mm.) with slightly negative T,. The six-foot plate showed a diffusely 
dilated heart. Ml 10.3 cm. ; Mr — 4.9 cm. ; total diameter — 15.2 cm. Total transverse 
thoracic diameter~29.8 cm. (Pig. 3). The patient was placed on 1.5 grains of 
thyroid extract daily, and on the third day the dosage was raised to 4 grains. 

Graphic record (Fig. 4) taken nine days after institution of thyroid therapy 
showed an increase of 3.5 mm. in the amplitude of the QES complex in Lead 11. 
After two weeks of therapy the T, became positive. After eight weeks of treat- 
ment, the height of the T-waves as well as the amplitude of the QES complexes 
increased in all leads. Appreciable changes in the size of the cardiac shadow were 
noted after a period of a month. Thus the transverse diameter of the heart re- 
gressed 1.7 cm. At the expiration of two months, the total shrinkage in the trans- 
verse diameter of the heart was 2.4 cm. 
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A slight varisition was noted especially in the diastolie ])ressure. On admission, the 
blood pressure was 130/P0 nun.; after the first month ]2r)/75 nini.; and at the end 
of the second month 130/70 mm. This, together with the blood ])ressure changes 
noted in Case 1, is in accord with the variations reported by the Boston investigators- 
who observed a drop of 10 mm. or more in the diastolie pressure in fourteen cases 
following the administration of thyroid. The rise in the basal metabolic rate was 
striking. The basal metabolic rate changed from a -30 per cent to —i i)er cent 
(checked) in period of one month. 

Before the institution of thyroid therapy, the minute volume was 3.4 liters.* 
It was checked the following day and the value was 3.0 liters. After two months 
of thyroid treatment, the minute volume had increased to 4.4. The initial vital 
capacity which was 2400 c.c. rose to 2000 c.c. after a month of treatment. This is in 
close agreement with the findings of Blumgaard and his .associates^s who found no 
significant changes in the vital cajiacity after thyroid treatment. In their scries of 
eases of my.xedema not one showed gross evidence of congestive failure. 

This case has been followed for two months. The jiatient's dyspnea has entirely 
disappeared, and she can now carry on her routine housework without the slightest 
difficulty. 

THE INTERPRETATION OP EIAX'TROCARDIOttRAPHK' CIIANOE.S IN JIYXEDEMA 

The absence of tlie lliypoid lionnone may give rise to a number of 
disturbances in the cardiac conductive mechanism. Thai these graphic 
manifestations are not due to intrinsic aiteralions in the myocardium 
but rather to an impairment in the electrical conduct iyity of the myx- 
edematous skin Avas the contention first advanced by Leug.-^ Nobel, 
Roscnbliith and Somet-' tvere also of the opinion that increased re- 
sistance due to myxedematous infiltration in the skin and subcutane- 
ous tissue could explain some of the alterations in the graphic records. 
It appears from recent Avork that such is not the case. The contour, 
time relations and amplitude of the auricular and ventricular com- 
plexes are fundamentally initiated in the heart and are not expressions 
of pathological changes in the .skin. In order to determine Avhether 
the T- and P-AvaA’e alterations occurred in other abnormal skin condi- 
tions, I studied the graphic records of a case of generalized sclero- 
derma — a condition in Avhich there is profound infiltration in the skin 
and subcutaneous tissue. In this ease the T- and P-AvaA’e deflections 
Avere of normal contour and amplitude. L'ikeAA'ise, in tAvo cases of 
generalized ichthyosis, the T- and P-Avaves shoAved no abnormal altera- 
tions. HoAveA^er, it remained for AVliite,-'* aa'Iio employed needle elec- 
trodes, to shoAV conclusiA^ely that the altered conductiAuty of the myx- 
edematous skin had no influence on the graphic records. Keid and 
KenAvaj^-’' haAm sIigaaoi further that loAver metabolic rates tliemseh'es, 
Avithout myxedema, cannot give rise to definite electrocardiographic 
changes. True ni3^xedcma must be present to liaA’e the characteristic 
changes. The preponderance of CAudence therefore supports the oi’igi- 

*The "writer is indebted to Dr. A. C. Kerkhof who performed minute volume studies 
In Case 2, using: the acetylene gas method of Grollman. 
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nal conception set foi'tli by Zondek^ — that tlie fundamental changes are 
essentially a result of a disturbance in the conductive mechanism of 
the heart. 

The most frequent alterations seen in the electrocardiogram in myx- 
edema heart are the flattening and the inversion of the T-ivaves whicli 
are usually seen in Leads I and IT. . T^Yenty-three out of twenty-four 
cases from the Massachusetts General IlospitaP" showed a low T-wave, 
while nine showed low voltage, and abnormal axis deviation. In 
Fahr's series® the majority of eases showed negative T-waves in Leads 
I and II. Thacher and White-® in a scries of fourteen cases showed a 
flattening of the T-waves in Lead I in all of their cases. The P-R in- 
tervals in these cases were usually normal, while the QRS complexes 
in several instances showed a low potential. Thej^ also observed a 
marked correlation between the height of T-waves and the level of 
basal metabolic rate. By no means are the changes limited to the 
T-waves. Zondek’ found low and absent P-waves. Ziskin^" in 1930 
reported a case which showed a delayed P-R interval. The case re- 
ported by Davis’® showed not only a flat P- and T-wave, but also a 
prolonged P-R interval vaiying from 0.20 see. to 0.22 sec. In this 
same ease, the axis deviation was normal before thyroid therapy, but 
after thyroid, the patient developed a left axis deviation. Tung,^’ 
after a study of 18 cases of myxedema, found P- and QRS waves of 
relatively small amplitude. However, the most stinking abnormality 
in Tung’s series was a flattening and inverting of the T-waves. After 
thyroid treatment, these abnormalities disappeared in the graphic 
record of 7 cases. In the case reported by Gardner®® an abnormal 
spread of the QRSi ivas noted Avhieh returned to its normal limits un- 
der thyroid treatment. In my cases I'eported above, the electrocardio- 
graphic changes were striking. Case 1 showed an abnormal down- 
ward deflection of the. S-wave in Lead 1, and iso-electric Tj and a di- 
phasic To. After a week of thyroid extract, the graphic record showed 
a normal axis deviation and an upright IL. The T^ which was still 
iso-electric became positive after Iavo weeks of thyroid therapy. In 
Case 2, before treatment, the graphic record showed a low voltage in 
all leads with a flat T,. The only change noted after a week of thy- 
roid therapy was an increase in amplitude, particularly in Lead II 
where the voltage increased 3 mm. After a period of two Aveeks, the 
T-AA’’aves in Leads I and II AA'^ere definitely positiAm. It AA’^as interesting 
to note in the serial study of the graphic records in Case 2 the pro- 
gressive increase in height of the T-Avaves, especially in Leads I and 
II. That such a condition obtains in normal indiAuduals has recently 
been shoAvn by McGuire and Poulger®’ in AAdiich they administered 
large daily doses of thyroid extract to four normal individuals and 
observed an increase in the amplitude of the T-Avave. 

M^hat is the peculiar nature of the pathological condition in the myx- 
edema heart in order that it may gnm rise to the various phenomena 
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observed in tbe electrocardiogram? That the auricles as well as the 
ventricles can be involved is evident by the changes that can occur 
in the behavior of the P-wave. The fact that all chambers of the heart 
are dilated also speaks decidedly in favor of a generalized disturb- 
ance. No doubt the morbid process is a fairly well disseminated one. 
However, experimental woidc on th3’-roidectomized sheep and goats 
shows that arteriosclerosis, as well as cardiac dilatation with a flabbj’’ 
condition of the myocardium, frequentl}’’ accompanies the myxedema- 
tous state (Goldberg^-). Manj'- cases of mj’xedema are accompanied 
by disease of the coronary arteides, as was pointed out bj’’ Pishberg,^® 
who found considerable arteriosclerosis in his cases post mortem. The 
frequency of arteriosclerosis ma3’- be explained by the fact that most 
of the patients with m3’:xedema heart have ali’eady reached the age 
when arterial disease is common. The fact, however, that most of the 
graphic records assume their normal contour after th3’’roid treatment 
suggests that the disturbance in the conductive meelianism is essen- 
tially a ph3'-siological one, rather than permanent damage resulting 
from a coexisting eoronaiy disease. Should coronary disease super- 
impose itself on a m3^xedema heai’t or vice vei*sa, it is veiy question- 
able whether the graphic record would ever return to its nomal form 
after thyi’oid therapy. 

Autopsy evidence concerning the pathological condition of m3^xedema 
heart is very meager. It is possible to conceive a myxedematous in- 
filtration being present in the heart muscle as well as in the skin and 
other tissues. Recent autops3'' evidence indicates that something of such 
a nature actually occurs. Of the four cases of m30Ledema heart that 
came to autopsy at the Massachusetts General Hospital, three showed 
edema of the heart muscle with fibrosis ,• the fourth showed interstitial 
edema. On the basis of this evidence, it is not at all difficult to under- 
stand the rapid and striking changes seen in the graphic records fol- 
lowing the administration of thyroid extract. The nature of the myx- 
edematous fiuid has been studied b5'- Boothby and his associates.^’* They 
have shown that myxedematous patients when given th3^roxin excrete 
in the urine a certain amount of nitrogen and that the nitrogen thus 
lost bears at the same time a relation to the weight loss. They con- 
clude that the apparent edema which gave rise to the term myxedema 
is due to the disposition in the interstitial tissues of fluid containing 
about 2 per cent of nitrogen as protein. It is thus apparent that thy- 
roxin mobilizes the m3’'xedematous fluid and perhaps by some physico- 
chemical mechanism removes it gradually from the heart muscle. 
Furthermore, recent experimental evidence shows that th3Troxin acts 
directly on the heart muscle and by doing so increases the amplitude 
and strength of the heart beat.®^’ It is probable, then, tlirough the 
operations of these combined mechanisras, that the normal electrical 
potential differences of the conductive apparatus are slowly reestab- 



HALLOCK: THE HEART IN MYXEDEMA 


207 


lislied. However, aiiotlier important meclianism which is set up in- 
directly by the action of the thyroid extract comes into play. A myx- 
edema heart is a generallj’’ enlarged flabby structure contracting slug- 
gishly in the face of a diminished metabolism and oxj^gen deficiency. 
It is obvious that a myocardial anoxemia resulting from a diminished 
blood flow is present. This factor alone may be sufficient in itself to 
give rise to changes in the auricular and ventricular complexes. Fol- 
lowing the inauguration of thyroid treatment, the minute output of 
the heart increases. This in turn augments coronary floAv (Anrej) and 
SegalP®) and thus restores a more adequate oxygen supply to the 
oxygen-deficient myocardium. That such a mechanism may operate 
very soon after the beginning of thyroid therapy could well explain 
the early changes which occur in the graphic records of the above 
two cases. 

On this same basis it is possible to explain the danger of promiscu- 
ous thjwoid treatment in mj’’xedema heart where coronaiy naiTOwing 
from arteriosclerosis is suspected. Because the great increase in min- 
ute volume and blood velocity associated with the elevation of the 
basal metabolic rate involves a corresponding increase in the amount 
of work done by the heart, the oxygen requirement of the heart 
muscle is increased. This demand is normally met bj’’ an increase of 
blood supply consequent upon increased coronary flow. "When the 
volume of coronary flow is reduced, because of coronary narrowing 
and failure of the coronary vessels to dilate, sei’ious damage to the 
heart muscle may ensue. This may at times terminate in coronary oc- 
clusion with fatal myocardial infarction.® Moreover, in cases of myx- 
edema with concomitant hypertension, a drop in diastolic pressure 
usually occurs following thyroid medication. As a result coronarj'- 
flow would be decreased and thrombosis formation facilitated. 

, DYNAMIC CONSIDERATIONS IN MYXEDEMA HEART 

In discussing the dynamic events of myxedema heart, it is interesting 
to compare this type with the circulatory changes that occur in the 
hyperthyroid heart. Just as hyperthjwoidism may cause marked myo- 
cardial overactivity, myxedema may on the other hand, produce re- 
tarded and sluggish underaetivity of the heart muscle. Wliereas in 
hyperthyroidism the prominent signs are tachycardia and loud, vigor- 
ous heart sounds, in myxedema, the outstanding signs are bradycardia 
and faint, feeble heart tones. It has been shown that the velocity of 
blood floAv is reduced in myxedema heart and considerably increased 
in hyperthyroid heart (Blumgaard, Gargill and Gilligan®®). Concomi- 
tant with a reduced circulatory flow in myxedema there exists a re- 
duced blood volume (Thompson'*'*) . These probably are a result of 
depressed metabolic activities. Again, in hyperthyroidism, minute 
output®®’ is augmented while in myxedema it is reduced. A 20 
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per cent reduction in niinnte volume occurred in Case 2. It may also 
be added that in myxedema there is a diminished venous return to the 
heart as a result of the reduction in the strength of voluntary muscle 
contraction (EoekweIl'^'‘) . In h.ypei-thyroidism venous return is in- 
creased. 

■With this evidence in mind, speculations on the probable mechanism 
of cardiac dilatation and heart failure in m.yxedema can be made. It 
is recognized that a reduced blood volume and diminished circulatory 
rate with a slow pulse can explain a diminished cardiac output. It 
maj" be said that the circulatory load upon the heart in m.yxedema is 
actually diminished. These facts cannot in themselves explain the 
generalized dilatation of the heart Avhich is found in at least 65 per 
cent of the cases. Then why should the myxedema heart become in- 
efiScient? This can best be explained on the ground that the inherent 
contractility of the m.yxedema heart is impaired or that the heart 
succumbs to a state of diminished tonus. In other words, the m.vx- 
edema heart becomes in all re.spcets a hypodynamie one.*'”"’ In spite 
of the decreased load, it becomes Aveakened to the extent that, in order 
to do the same amount of mechanical Avork, it must dilate. To accom- 
plish this, the muscle fibers must lengthen (Starling, and Visschert"). 
Thus the dilatation is a compensatorA' mechanism on the part of the 
myocardium in an attempt to maintain normal minute A’olume. Hoaa'- 
ever, Avhen the myxedematous heart dilates to a point beyond Avhieh it 
is no longer able to maintain normal minute volume, .systolic discharge 
is decreased and venous pre.ssure Avill, in consccpience, rise. At this 
.stage the mechanical effieiene.A' of the heart is sez’iousl.y impaired. AVe 
then haAm the onset of true heart failure. If Ave accept the idea that 
the pathological change in myxedema heai’t is generalized throug’hout 
the entire myocardium — a fact AAdiich is A’crified by x-ra.y and electro- 
cardiographic evidence — then it is net difficult to conceive aaEj^ all 
chambers of the heart should become Aveakened simultaneousl.y. Thus 
the right heart does not haA'e to Avait for the left heart to fail. Hence, 
the factors AAdiich operate to imiiose right heart failure are facilitated 
in myxedema heart. Fortunately, Avere it not for the fact that this 
mechanism is counterbalanced — at least in the early stages of the dis- 
ease — by a coexisting loAvered blood A-olume and diminished A^enous 
return, it is probable that the incidence 'of gross congestiA^e failure 
Avould be higher. 

AVe can thus summarize the outstanding differences betAveen the 
h.yperth3’roid heart and myxedema heart. In the former, because of 
the direct action of an excess of thyroxin in the heart muscle, the 
cardiac tone is increased as indicated by increased Augor and loudness 
of heart sounds Aidth a corresponding increase in heart rate. As a 

*Tho "hypodvnamic state” is a term applied by AA'i^grers^' to indicate a condition 
of the heart muscle in which, in spite of increasing venous pressure, systolic discharge 
is reduced and dilatation of the heart occurs. 
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iTile, there is an increase in systolic pressure. The result is an in- 
creased velocity of circulation and an augmented minute volume. 
However, we cannot consider the hyperthyroid heart as a true hyper- 
djmamic heart (one in which there is increased tonus), because it is 
possible that the minute volume increase is consequent upon the 
tachycardia rather than upon the ventricular tonus. On the other 
hand, the mj^xedema heai’t is characterized by a diffuse dilatation of 
all chambers and by a slow and feeble contraction as indicated liy the 
faint heart sounds. There is eventually a reduction in minute volume 
accompanied by a diminished velocity of blood flow. The blood pres- 
sure as a imle is slightly elevated. This heart is fundamentally hypo- 
dynamic in that the working capacity or tonus of the ventricles is re- 
duced, resulting in such a disproportion between diastolic volume and 
intraventi'icular pressure increase that for a given pressure rise, there 
is a much greater increase in volume. 

COMMENT 

The wide variation in the incidence of congestive failure associated 
with myxedema as reported by various authors is at the present time 
impossible to explain. It does not appear to be a matter of improper 
diagnosis because the concept of gross failure with its objective signs 
is not only well and uniformly accepted but likewise easily recognized. 
True enough, the beginning signs of myocardial weakness may be 
masked to a certain extent by the myxedematous state or the myx- 
edematous condition may in some way interfere ivith the gross mani- 
festations of an early congestive failure when it ivould otherwise be 
apparent. It is also probable that Avhen gross congestive failure ap- 
pears, it indicates that venous congestion has already progressed to a 
moderate extent. Other factors that may possibly retard or accentuate 
the appearance of gross failure are the level of the basal metabolic rate, 
the degree of secondary anemia, the blood volume, the extent of physical 
activity participated in by the patient, and the coexistence of coronary 
disease or hypertension. 

AVhen does the true inception of heart failure in myxedema sipier- 
vene, and what should constitute the eritei-ia by Avhich one can judge 
the onset of myocardial insufficiency? It is certain that increased 
venous pressure and decreased minute output Avith a dilated heart can 
exist before signs of gross failure in myxedema, are evident. Case 2 
is a good example of such a situation. It Avas mentioned preAdouslj^ 
that this patient’s chief complaint Avas dyspnea. Dyspnea appeal's to 
be an outstanding symptom in myxedema. Thus in the series from the 
Massachusetts General HospitaP” as preA'iously mentioned, 65 per cent 
sliOAved dj'’spnea AA'hile only 3 per cent shoAA'ed gross cong'estrte failure. 
IrVhen a diffusely dilated heai’t, accompanied by signs of dyspnea, can 
be demonstrated, then Ave probably have the existence of early cardiac 
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failure. This condition was proved to be present in Case 2 when 
minute volume determinations showed a decreased systolic discharge. 
Fahr® is probably correct Avhen he states that in cases of myxedema 
which show definite cardiac dilatation, the onset of the condition of 
heart failure is present. When gross congestive signs will appear, of 
course, cannot be predicted, but eventually they will manifest them- 
selves. Of the 65 per cent of eases of mj’’xedema which showed defi- 
nitelj'' dilated hearts, it is veiy likel 3 ’' that thej^ are the same 65 per 
cent which showed dj''spnea. It would not be surprising, as further 
studies should show, that a direct correlation will be found to exist 
in regard to the degree of dilatation, dj''spnea and minute output. 

It is recognized that conclusions cannot be drawn from the studj’’ of 
this single ease. Nevertheless, the suggestion is offered that if more 
cases are studied from the same angle, mneh will be learned concern- 
ing the problem of heart failure in nij'^xedema. 

SUMMARY 

The literature on mj^xedema heart is reviewed and two additional 
eases are reported. The m.yxedema heaiff is unique in the respect that 
it returns to its normal size after the administration of adequate 
amounts of thj^roid. Upon the withdrawal of thju’oid it again dilates 
and characteristic changes in the electrocardiogram occur. The path- 
ologic physiology of nyxedema heart is discussed. Minute volume 
studies canned out in the ease in which dyspnea was the outstanding 
symptom suggest that myocardial insufficiency may be present even 
when the gross objective signs of congestive failure are absent. It is 
assumed, therefore, that Avhen a generalized cardiac dilatation, accom- 
panied bj^ dyspnea, can be demonsti-ated, congestive heart in m 3 ’'x- 
edema is in all i^robabilitj^ present. 
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STUDIES IN OSCILLOMETRY^ 


Alfrkd Prikdlaxder, ]M.D. 

CixciNXATi, Ohio 

O scillometry has been in iise as a diagnostic method for over 
fifty years. Recently, however, the Prcneh school under the leader- 
ship of Vaquez, Gomez, and others, has aAvalcened renewed interest in 
this subject. Their emjiliasis lias lieen jilaced very largely on the height 
of the oseillometrie ciau’e on the one hand, and the recognition of the 
so-called mean blood pressure on the other. 

The method of approach in the studies of which this communication 
forms a preliminary report, was somewhat different. It concerned itself 
chiefly with the form of the oscillogram, readings being taken on all 
extremities in each instance. 


METHOD 

The Boulitte modification of the Pachon oscillometer has been used for all 
determinations. 

This apparatus has two overlapping, distensible pouches having a combined 
width of fifteen centimeters. The.se jiouches are enclosed in a rigid web cover fitted 
with web straps. The apparatus is strapped to the extremity to be studied. By a 
simple valve arrangement the pouches can be inflated together, or singly. 

A manometric dial permits the recording of oseillometrie variations at different 
pressures. 

In each case studied, eight oscillograms arc made, i.e., of the forearms, upper 
arms, legs, and thighs on both sides. With the band snugly fitted to the extremity, 
air is pumped in until the pressure is great enough (in ordinary cases) to prevent 
any movement of the oscillatory needle. In certain cases even at the pressure of 
three hundred millimeters of mercuiy (the limit of the instrument) oscillations still 
occur. By means of a needle valve, the pressure is dropped ten millimeters at a 
time, and the height of the oscillation recorded at the various pressures. 

Inasmuch as the time element is a factor, the observer announces the oscillations 
at the various pressure levels, which are then immediately charted by an assistant. 
By the use of various chart symbols for the different extremities, the four oscillo- 
grams for the uj)per, and again for the lower extiemities can be charted on one 
graph arrd the two gr aphs combined on one sheet. ; . 

Blood pressure readings are taken by the auscultatory method on the right arrd 
left arms as soon as the arm oscillograms are charted. The patient lies recumbent 
during the test so that the extremities are approximately at the heart level. 

Using this techrric, several hundred charts were nrade of patients suffering from 
diverse conditions, using material from the medical service of the Cincinnati 
General Hospital. 

*From the Department of Internal Medicine, College of Medicine, TJniver.sity of 
Cincinn.ati and the Vascular Disease Clinic, Cincinnati General Hospital. 
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OBSERVATIONS 

It has become apparent that the lieig'ht of the oscillomelric curve is 
not greatly influenced by age or sex, provided that the heart is normal 
and the blood vessels not seriously involved. In all the cases studied, 
records were made of the physical findings, laboratory findings, electro- 
cardiograms, teleroentgenograms, and other x-ray findings. 

The oscillometric index is definitely labile in certain conditions where 
there is reason to believe that arteriospasm exists. Repeated readings on 


Upp£/i^ 
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Pig. 1. — Normal oscillogram. 

O. P„ male, white, aged sixty-five years. Blood pressure 120/GO. GUnicaJ diagnosis: 
Pernicious anemia. 

the same patient under such conditions will show varying heights of the 
oscillometric curve. 

Experience also demonstrated that the maximal oscillometric phase 
(MOP) of the brachial oscillogram occurred between 100 and 80 mm. 
Hg in a great variety of cases, with apparently normal hearts and blood 
vessels. These findings are in accord Avith those of Miller and Chester.^ 

The particular point to be emphasized in this preliminary report, is 
that in oscillometiic studies, the form of the oscillogram is of paramount 
importance. 
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It -would appear that from flic type of oscillogram obtained, one may 
dra-w certain conclusions as to tlie condition oC the vascular tree in a 
given ease. 

Four illustrative oscillograms are presented. 

1. The normal oscillogram (]''ig. 1 ) of the upper arm begins to show 
an oscillometilc rise at about 320 mm. ]Tg and drops to zero between 40 
and 30 mm. Jig. Oscillations do occur at higher pressures than 120 imn., 
but are not marked. The IMOP occurs between 300 and SO mm. Hg. 


Uppsf{ 



Fig:. 2. — Generalized vascular sclerosis. 

R. S., male, Mdiite, ag-ed forty-nine years. Blood pressure 120/100. Clinical diag- 
nosis: Arteriosclerotic heart disease and vascular sclerosis. 

The tliigli shows oscillations at higher pressures (around 160 mm. Hg), 
and the drop occurs around 40 mm. 

The maximal oscillometric phase shows variations in unit height of 
oscillations varying from 5 to 6 units on the upper extremity, and up 
to 7 or 8 units on the thigh. 

No conclusion can be drawn from the height of the oscillation as to 
the actual blood pressure. 

2. The oscillogram in marked vascular sclerosis shows a very different 
picture (Fig. 2). 
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The oscillations occur over a much narrower range of pressure; the 
MOP, especially in the lower extremity, is apt to occur at higher pres- 
sures— 140 to 120 mm. Hg, and the height of oscillation is low, 2 to 3 
units. 

3. Essential Hypertension. — Here the oscillogram presents a distinct 
variant from the normal. 


(ypp£j^ i^TIlSPl/r/P^ 



/f1 MILLIMITTCRS o- MCRCUfPy 

Pig. 3. — Essential hypertension. 

E. T., female, white, aged fifty years. Blood pressure 250/1C0. Clinical diaffnosis : 
Essential hypertension and nephrosclerosis. 


lOWP/P E^TREnir/£5 



Pig. 4. — ^Medial arteriosclerosis. 

L. L., female, white, aged sixty-eight years. Blood pressure 190/120. Clinical diag- 
nosis; Arteriosclerosis. Marked in arteries of lower legs. 
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There is wluit might l)e called a definite shift, to the left. In hoth 
upper and lower extremities, the MOP occurs at, much higher levels 
(220 to 200 mm. Hg). Oscillations begin at such high ])ressures as 300 
min. Hg. Thus, as will be noted in Fig. 3; oscillations stood at 3 units 
at 300 mm. Tig in the right thigh. Fui-tliermore the oscillations ap- 
proach zero at much higher jire.ssurcs (around 100 mm. Hg). The unit 
height of the oscillations is high, 8 to 0, at the MOP. 

4. Medial arteriosclerosis (Pig. 4). The striking features of the 
oscillogram here are, fir.st, the marked difference in the curves of the 
legs and thighs; second, there is the wide spread of the oscillations hegin- 
ning around 240 mm. Hg and extending to 40 mm. Hg. The MOP 
occurs at high level and is often, as in the case illu.strated, of the ])lateau 
type (170 to 120 mm. Hg). 

COJHMEXT 

Too much emphasis must not be laid ujion the mere height of the 
oscillometric curve. In the absence of cardiac hyiiertrophy and vascular 
sclerosis, the ]\IOP may .show a Avidc degree of variation in diverse condi- 
tions. It even shows great variations in the .same patient at different 
times, depending upon conditions of vasoconstriction, etc. This is well 
demonstrated in cases of liyperthyroidism without involvement of lieart 
or blood ve.ssels. Allisat- also calls attention to this fact. 

Oscillograms must be interpreted on the basis of the factors which 
maintain blood pressure, i.e., the force of the cardiac contraction (the 
vis a tergo), the condition of the blood vessel wall, and the very impor- 
tant factor of peri])heral resistance. Whether the fourth factor, blood 
volume and blood viscosity, is of great importance or not, cannot be 
decided so definitelj^ at this time.' 

Samuels® in referring to the value of the oscillometer in the study of 
circulation in the extremities, calls attention to the lielp given by the 
oscillometer in differentiating neurogenic from organic arterial disease. 

Kramer'* says that the oscillometer gives information about the deeper 
vessels which cannot be palpated. It may suggest the occurrence of 
collateral circulation when definite le.sions of the blood vessels are ap- 
parent. 

Vaquez and liis eoworkers® have stressed the importance of the so- 
called “mean pressure,” as determined by the oscillometer. They con- 
clude that, very often, hypertension is disclosed by elevation of the 
mean pressure at an earlier age than is shown by elevation of the systolic 
blood pressure. They apijarently pay no attention to the form of the 
oscillogram. 

As oiie surveys the rather extensive literature on oscillometry which 
has appeared recently, one is struck by the fact that in nearly all studies, 
the main emphasis has been placed on the maximal oscillometric phase 
(MOP). It is the purpose of this communication to call attention to the ' 
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mucli greater importance of tlie oscillogram itself. From the form of 
the oscillogram, certain definite deductions may be drawn as to the con- 
dition of the vascular tree. 

Three typical pathological oscillograms are shown herewith, to demon- 
strate diverse conditions. It should be added that these types of tracings 
have been found over and over again, in the several hundred cases 
studied. The tracings run true to form, so to siieak, and it is quite 
possible to predicate the type of vascular lesion present from the oscillo- 
gram itself. 

It must, of course, be added timt mixed forms occur, as would be 
expected from the general nature of vascular sclerosis. In such cases 
definite diagnosis cannot bo made from the oscillograms alone. 

1. Where the oscillogi-ams of both extremities (upper and lower) are 
of the low flat type, with oscillations occurring within a comparatively 
narrow range and with the MOP relatively low (2 to 3 units), there is 
true arterial thickening, with or without calcification. This condition is 
well illustrated in Fig. 2. Tliis iiatient was a white male, aged forty- 
nine years, with the tyi)ical clinical picture of arteriosclerotic heart dis- 
ease with general vascular sclerosis. 

2. The curve in true arterial hyi)crte]ision Avithout major arterial 
involvement is characterized by a definite shift to the left. That is, the 
i\IOP occurs at high ])ressure levels, and is itself high. This is ivell 
illustrated in Fig. 3, Avherc the MOP occurs at 230 mm. Hg in the lower 
extremities, and 200 mm. Hg in the upper, with an index of 7 and 8 
units respectii'ely. This patient ivas a ivhite female, aged fifty years, 
with the clinical picture of hypertension and nephrosclerosis. 

3. The curve in hypertensive heart disease Avith senile arteriosclerosis 
(]\Ionckeberg type) is characterized by high thigh curves and Ioav leg 
curves, or by Ingh curves of one loAver extremity and Ioav curves of the 
other. 

In his original communication Monckeberg® in discussing his so-called 
medial calcification, stressed the fact that medial calcification is much 
commoner in the extremities than arteriosclerosis. Karsner" says that 
the early change is usually a fatty degeneration of the middle layers of 
the musculature and elastica of the media, AA'hich may be associated AAoth 
necrosis. The condition is common in old age and affects particularly 
such arteries as the femoral, radial, temporal, and dorsalis pedis. Severe 
degrees of peripheral senile sclerosis may be associated AAuth but little 
sclerosis of the aorta. 

Beck® revicAved oseillometric curves taken at various levels in cases of 
thrombo-angiitis obliterans, as AAmll as in eases of peripheral thrombosis 
and embolism, and compared these I’eadings AAoth those at corresponding 
levels in the unaffected limb. He found that the oscillometi’ic index at 
the 2)oint jirst jjroximal to the point of occlusion, AA’^as definitely and con- 
sistently larger than the index at the same leATil in the unaffected limb. 
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This did not hold good when the lesion was selei’otie in character. In the 
series of eases studied bj’ the author, this type of eurve was foiuid very 
frequently. The curve shown in Fig. 4, was taken from a white woman 
aged sixty-eight years with distinct hypertensive heart disease and 
marked peripheral sclerosis. 


.STOWrARV 

1. The form of tlic oscillogram, taking curves of all extremities in 
each case, is of more importance than the estimation of the maximal 
oscillometrie phase. 

2. The normal oscillogram may show definite variations in the MOP 
in the same individual at different times. Tliis is dependent largely 
upon the condition of periihieral resistance. 

3. Typical pathological oscillograms are shown, demonstrating arterial 
thickening, essential hyimrtcnsion with nephrosclerosis, and hypertensive 
heart disease with ^Monckeberg arteriosclerosis. 

4. From the form of the oscillogram in typical cases definite con- 
clusions may be drawn as to the condition of the vascular tree. 

5. Mixed forms of eurve are often found. In such cases the oscillo- 
gram alone cannot afford definitive diagnosis as to the condition of the 
vessel walls. 

It affords me pleasure to acknowledge a debt of gratitude to Dr. L. G. Herrmann 
for muck constructive criticism and many valuable suggestions given during the 
course of these studies. 
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THE USE OP QUINIDINE IN AMBULATORY PATIENTS FOR 
THE PREVENTION OF PAROXYSMS OP AURICULAR 
FLUTTER AND FIBRILLATION; WITH ESPECIAL 
REFERENCE TO DOSAGE AND THE EFFECTS 
ON INTRAVENTRICULAR CONDUCTION'^ 


Harey Gold, M.D., Harold L. Otto, M.D., 
AND Harry Satchwell, M.D. 

New York, N. Y. 


D etailed studies on the use of quinidine in auricular flutter and 
fibrillation have been conducted mainly in cases of the “persist- 
ent” forms of these rhythms or during a prolonged attack with the 
patient at rest and under close supervision. They show that the drug 
may be relied upon in the majority of suitable cases to abolish auricu- 
lar flutter or fibrillation and to reestablish a normal rhythm for vary- 
ing periods of time and with a fair degree of safety. The prevention 
of attacks in the paroxysmal form of auricular flutter and fibrillation, 
however, presents somewhat different i5roblenis from the practical 
standpoint, and these anay account for the fact that, in general, not 
quite the same success has been attained in this, as in the Heatnient 
during a paroxysm. During the past two years we have followed 
the clinical coui’se in some detail in twenty-one patients with parox- 
ysmal auricular fibrillation or flutter. These included two cases of 
active rheumatic carditis, one case of hypeidhyroidism, eight eases of 
arteriosclerosis, two eases presenting no evidence of organic heart dis- 
ease (Class E), and the remaining ones with heart disease of unknown 
origin. In several of those who received quinidine in varjdng doses — 
in some up to 50 grains daily — ^the attacks remained uninfluenced ; 
while in a few in whom the attacks appeared to have been diminished 
in frequency or abolished at one time or another, the influence of the 
drug could only occasionally be definitely established. 

It was a common observation that a dose of quinidine which seemed 
at one time to render a patient free of attacks, appeared at another 
time to be without this protective action. This observation, howevei*, 
may signify any one of a number of different phenomena, such as spon- 
taneous variations in the course of the disease, the development of 
tolerance to the drug, or extraneous reflexes that may render a circus 
movement more or less resistant. Under the ordinary conditions of 
life the patient is subject to widely varying influences — rest, effort, 
excitement, shock, digestive disorders — all of which are sources of 


♦Prom the Department of Pharmacologry of Cornell Universitv Merlienl Collee-e and 
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metabolic changes or reflex stimuli that may in susceptible individuals 
serve to start or abolish a circus movement in tlie auricle. The plan 
of putting' such a patient to bed, establishing the dosage -which ap- 
pears to abolish the attack under these conditions, and then prescrib- 
ing such doses for long periods of time does not atl'ord an adequate 
solution of the problem, for ihe reason that such doses Avill frequently 
fail to prevent the recurrence of attacks. 

Most of these patients are ambulalory. Tliey may or juay not pre- 
sent eAudence of ci’ganic lieart disease. In any ease Ihey often com- 
plain of little more than Ihese attacks of palpitation and other symp- 
toms such as dy.spnea, faintne.ss and Aveakness attending a paroxy.sm. 
Some are entirely Avithout abnormal .symptoms during a paroxy.sm, 
the presence of the abnormal rhythm being discovered during one of 
the routine examinations. The incidence, the duration, and the in- 
tensity of attacks are likely to A'ary Avidely at difl'erent times and in 
different indiA'iduals, adding further uncertainties in attempting to 
assess the usefulne.ss of the drug and to establish suitable dosage for 
the prevention of attacks. 

Among the obstacles in the Avay of .systematic investigation and 
treatment of these eases Avith drugs, .should be mentioned the lack of 
continued cooperation on the part of the patient. It is a matter of 
no difficulty to excite a patient’s enthusiasm for a course of quinidine 
therapy just after a few severe paroxysms that liave occurred in a 
period of a Aveek or tAvo, but it is difficult to .su.stain his cooperation in 
the continued daily use of large doses of quinidine for periods of many 
months in Avhich he is free of attacks. There is a question, indeed, 
AAdiether such treatment is desirable. The fact is, hoAvever, that the 
use of the di’ug is interrupted and the attacks recur. 

It may be noted that AA'hile the control of the paroxjmmal forms of 
auricular flutter and fibrillation presents greater difficulties, the use 
of quinidine in these eases, has, from one point of vieAv, the adA'antage 
of greater safety, even though these patients cannot be subjected to 
the same degree of superAUsion as the ones confined to bed. In the 
paroxysmal forms quinidine may be giA'en in the presence of a noianal 
rhythm to loreArnt attacks, the only danger being the direct toxic 
effects of the drug-, AAhile in the treatment Avith quinidine during an 
attack there are the additional dangers of the Any rapid tachycardias 
in the intermediaiy stages betAveen the abnormal and the normal 
rhythm as AA’-ell as the possibility of the discharge of emboli AAhen the 
auricles begin to contract after fibrillation has persisted for some time. 

One of our eases Avas extremely faAmrable for a systematic .study; 
the i^aroxysms Avere relatiAmly frequent, they Avere sufficiently intense 
to interfere Avith the patient’s occupation, and the intervals betAveen 
attacks, though Amry irregular, shoAved a range sufficiently restricted 
to afford a basis for comparison. This patient consulted us at the 
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clinic in August, 1930, because of severe attacks of palpitation during 
Avhicli lie Avas completely incapacitated. They had occurred at fre- 
quent intervals dni'ing the preceding- period of about four years, dur- 
ing wliich time he had received A'arious forms of treatment but had 
not obtained any relief. After a considerable interval (before electro- 
cardiograms could be obtained during a paroxj’-sm in order to establish 
the diagnosis of paroxysmal auricular flutter and fibrillation) treat- 
ment Avith quinidine Avas started Avithout any interimption of the pa- 
tient ’s activities. The result is that, except for intervals during Avhich 
the drug Avas Avithheld for puriioses of studjq the patient has been 
A-irtually free of distressing symptoms for a period AAdiich up to the 
time of Avriting is about tAvo 3'ears. 

The obsei'Amtions in this ease present seAmral features of special in- 
terest Avitli regard to the use of quinidine, more particularlj’’ (1) the 
prolonged administration of extremelj' large doses of quinidine, (2) 
the use of quinidine in the presence of intraventricular block, and (3) 
the almost complete relief of subjecthm sjnnptoms b^* a mechanism of 
quinidine action that does not diminish the freqnencA’- but does reduce 
the intensitj' of the parox^-sms. We report this studj’" in detail to- 
gether Avith special obserA^ations carried out in ten other patients, 
bearing on quinidine dosage, the effect of quinidine on intraventricu- 
lar conduction and the danger of vagal pressure in the presence of a 
taeh 5 ^cardia. 

CASE REPORT 

History. — Patient J. B., forty-four years of age, Avas born in Enssia, Avas married, 
had three children, and reported good habits. His prcA'ious medical and surgical 
history Avas negath-e. He did not smoko. He took tea and coffee in moderation, and 
no alcohol. He discovered he had heart troAiblo in 1926 (about six years ago) AA-hen 
he began to be aAA'are of undue .shortness of breath and fatigue on effort. About a 
year later he became subject to attacks of palpit.ation associated A-vitli faintness and 
Aveakness. He stated that during these ptcriods the heart “pounded” rapidly and 
sometimes irregularly. He AA'as usually compelled to interrupt his AA'ork during the 
attacks, although in the interA-als he AA-as not seriously troubled AA-ith cardiac symp- 
toms and ho had no difficnlty in continuing AA-ith his regular occupation as a tailor. 
The attacks sometimes appeared Avhile tlic patient was at rest, although in most 
instances they seemed to liaA-e been brought on by sudden exertion, excitement, 
fright, eating, or a cold drink. The onset AA-as usually abrupt, the duration A-ariablc, 
and the termination usually abrupt. He had consulted several physicians and had 
been treated at clinics. For nearly a year up to the time of admission, he had been 
taking 20 drops of a tincture of digitalis three times daily. From time to time ho 
had received various other medicines including quinidine in small doses. The in- 
tensity and soA-erity of the .attacks, hoAVCA-er, remained uninfluenced. 

Physical Pxa.mination. -The patient Avas a healthy looking Avliite male Aveighing 
150 pounds. The significant physical findings Avere as folloAvs: The heart rate 
ranged betAveen 60 and SO per ininutc and Avas regular except for occasional ventric- 
ular premature beats ; the sounds at the base ■>xere very distant, and the first somid 
at the apex Avas replaced by a systolic murmur not transmitted in any direction; 
there Avere no diastolic miArmurs. There Avere no thrills. The left auricle and 
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ventricle were found considerably enlarged on fluoroscopic examination. The blood 
count was normal and the blood \yassennarin reaction negative. The blood pressure 
ranged from 118 to 140 systolic, 65 to 90 diastolic. There were no signs of 
peripheral arterioselero-sis (eye grounds and other peripheral arteries) or peripheral 
congestion. The electrocardiogram showed a regular sinus rhythm with a bundle- 
branch block (Fig. 2). 



Fig-. 1. — Tracing of patient J. B. taken 10/15/30. Auricular flutter with bonJ'e 
branch block. Tracing 2 a shows ventricular arrest with flutter waves of the auric 
during "vagal” pressure. 


The diagnosis was heart disease of unknown origin, enlarged heart, normal 
sinus rhythm, bundle-branch block and slight diminution of functional capacity 
(Class HA*). Subsequently there was added to this paroxysmal auricular flutter 
and fibrillation (Fig. 1). 

‘Following the nomenclature adopted by the Heart Committee of the New York 
Tuberculosis and Health Association. 
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It may be noted that it was about two months after admission to the clinic be- 
fore an electrocardiogram was obtained during an attack. At this time the heart 
rate was 150 per minute and regular. Carotid pressure caused complete heart- 
block with ventricular arrest during which the auricular flutter at 300 per minute 
could be counted. About three weeks later the patient was again seen during an 
attack during which the heart rate was also 150 per minute and the rhythm ver} 
irregular. Carotid pressure rvas now without any influence. The tracing taken at 
this time showed auricular fibrillation. 

Incidence and Character of Aitachs Before Quinidine . — In some cases of par- 
oxysmal auricular fibrillation and flutter, the attacks are occasionally so mild as to 
escape the patient’s notice, and in these it is difficult to obtain a reliable record of 
attacks as a basis for a study. As we have already indicated, however, the attacks 



Pig. 2. — Tracing of patient J. B. taken 8/18/30 before quinidine was given. The P-R 
interval is 0.20 and the QRS time is 0.12 second. 


of palpitation in this patient were very distressing and interfered seriously with his 
occupation. These factors helped to insure the patient’s complete cooperation in 
any effort that offered the possibility of relief. Before he came under our observa- 
tion, he had been instructed by a physician to keep a record of the incidence and 
duration of attacks as well as of suggestive factors that seemed to him to incite 
them. This record he brought to us, and together with that made during the control 
period in our clinic, constitutes a fairlj accurate account of the paroxysms during 
a period of about tJiirty-one months. These are presented in Table I. An exam- 
ination of this table shows that before adequate treatment the patient had had 37 
attacks of auricular flutter or fibrillation in a period, of about thirty-one months. 
The attacks varied in duration from about one to sixty hours and appeared at 
intervals varying from five to sixty-six days. At one time there were as many as 
3 attacks in- a month and at another time two months passed without an attack. 
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During tliis entire period of more tlian two and one-Jialf years, tliereforc, the patieul 
suffered on tlie average of one attaek in about twenty-five days, lasting on the 
average about thirteen liours. 

abMJiA: I 


l.NClDENCiC OK ATTACKS BjCKOItE TltEAT.M EN'T WjTJI QIIIXIDINE IN PATIKNT J. B. 


D.ATE 

DOKATJON OK 

ATTACKS 

IN llOUKS 

INTEItVALS 

BETWEEN ATTACK-S 

IN DAYS 

4/2S/2S 

48 


0/ 4/28 

13 

37 

G/2S/2S 

2.5 

24 

7/12/28 

1.5 

14 

7/19/28 

1.5 

7 

9/ 1/28 

3 

44 

10/10/28 

12 

39 

10/22/28 

3 

12 

12/27/28 

3 

GG 

2/14/29 

2.5 

-19 

3/31/29 

9 

45 

a/ 1/29 

7.5 

31 

.1/21/29 

GO 

21 

7/ G/29 

1 

4G 

8/24/29 

() 

49 

9/27/29 

1C.5 

34 

10/10/2.0 

6.5 

13 

11/ 0/29 

13 

27 

12/18/29 

8 

42 

1/ 0/30 

3 

22 

1/18/30 

2 

9 

1/23/30 

37.5 

5 

1/29/30 

IS 

0 

3/29/30 

12 

59 

4/ 7/30 

4 

9 

4/1C/30 

0 

0 

.1/12/30 

3 

2G 

.1/2G/30 

12 

It 

0/ 3/30 

24 

8 

G/30/30 

4 

27 

7/14/30 

15 

14 

8/ .5/30 

50 

22 

8/28/30 

23 

23 

9/25/30 

30 

28 

10/1.5/30 

23 

20 

10/30/30 

15 

15 

11/21/30 

17 

22 


Incidence and Character of Aitacl's During Treatment With Quinidinc .< — A sim- 
ilar record was obtained durine: the period of treatment with quinidine. The facts 
are tabulated in Table II, which includes in addition the results of all the clinical 
examinations of the heart and analyses of the electrocardiograms. 

Treatment was started with a daily dose of 12 grains of quinidine sulphate (fi 
grains twice dail}') which was continued over a total period of twenty-eight days. 
During this time the patient had two severe attacks similar to the previous ones. 

The dose was increased to 30 grains daily (10 grains three times daily) and m 
a period of six davs there were 4 attacks of palpitation. This was the first time 
that the attacks had ever occurred with such frequency. It was, however, also the 
first time that the attacks wore so “mild,” producing only a slight sense of ir- 
regular palpitation during which the patient continued his work without serious dis- 
comfort. 
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The close was increased to 40 grains daily (10 grains every four hours). In this 
period there was an almost continuous attack of mild p.nlpitation which hardly dis- 
turbed the patient at all, and which lasted during the seven days in which this dose 
■was taken and during the succeeding seven days in which a dose of 50 grains daily 
(10 grains every three hours) was taken. This attack was not absolutely continuous, 
but the interruptions in the abnormal rhythm in this period of two weeks were of 
very brief duration. The electrocardiograms taken during these attacks which the 
patient described as almost negligible showed auricular fibrillation with relatively 
slow ventricular rates of from 70 to 02 xior minute as compared with the rate of 1.50 
per minute seen before the quinidine. 

The dose was then increased to GO grains dail}’ (10 grains every two hours) and 
during the total period of twenty-eight days in w-hich this dose was taken there 
were four attacks which were again so mild as to be practically negligible in the 
mind of the patient. At times the sense of palpitation and irregular heart action 
was so slight as to make it difficult for him to be certain ns to the time of onset and 
disappearance of the attacks. 

Maa:ii}nm Tolerance . — Inasmuch as attacks still occurred at this level, the dosage 
was increased to 70 grains daily and during the next two weeks there were no at- 
tacks, although the period is too short to ascertain whether attacks were possil)le 
at this level of dosage. Tliere appeared, however, some blurring of vision and 
impaired hearing, and after two weeks these doses were discontinued. This pro- 
cedure showed, therefore, that at one period at least, in this patient, the doses of 
quinidine which failed to prevent attacks of paroxysmal flutter or fibrillation com- 
pletely were very near to the largest doses that could be tolerated -without extra- 
cardial toxic symptoms. 

Prolonged Effeotn . — In the suljsequent course, as seen in Table II, an attempt 
was made to ascertain whether some lasting effect might not result from the pro- 
longed treatment with quinidine in such a case, so that smaller doses would maintain 
the status established by the large ones. During this test only two paroxysms 
occurred in a total period of 213 days after daily doses varying from 20 to 50 grains. 
This is considerably longer than the longest intervals between attacks before the 
use of quinidine. However, since this status could not be maintained subsequently 
by similar doses, the significance of this observation remains uncertain. That there 
is' some lasting effect after prolonged treatment was sliown during the period of the 
larger doses. A dose of GO grains daily was taken continuously, up to the time of 
■uwiting, for 3G4 days. This appeared to be the optimum daily dosage in this pa- 
tient, because at this level of dosage the paroxysms were milder and less frequent 
than with the smaller doses. The continued use of this dosage has given a much 
longer period (nearly one year) of freedom from paroxysms than at any time during 
the control. 

As already indicated, during the early period of about fifteen months in which 
the larger doses of quinidine ■ were used, the patient regarded himself as almost 
‘ ‘ cured. ' ’ There was not a single attack sufficiently severe to make it necessary for 
him to discontinue his work, although this was necessary during practically every 
attack before the quinidine therapy. The attacks Avhieh now occurred were so mild 
and disturbed the patient so little that their frequency was for a time lost sight 
of and the impression gained hold in the clinic that this was a patient whom quini- 
dine had rendered alniost free of paroxysms of auricular flutter and fibrillation. 
We were, therefore, surprised to discover upon careful analysis of the data that 
not only was the patient not rendered free of attacks during that period, but that 
on the contrary, their frequency had actually increased. Leaving out of con- 
sideration the almost continuous attack lasting two weeks during the early stages 
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Tkcidknci; or A'itacks DouiN'n 'J'nnAT.MKN’T AVrru Quinmdink in 1’atiknt .T. B. 



s/n/so 

0 




NSH, VI’O 

00 


__ 

S/J8/30 

0 

-- 



X.'8K, VJ’C 

80 

0.20 

0.12 

8/25/30 

0 




Vl’C 

72 




S/2S/30 

0 


23, severe 

23 

__ 






0/ 8/30 

0 




XSlt. VPC 

08 

-- 


0/25/30 

0 

__ 

30, severe 

28 







0/20/30 

0 




XSH, Vl’C 

92 




10/15/30 

0 

-- 

23, severe 

20 

A. ^■lntte^ 

A 300 
VJ50 

-- 

0.12 

10/20/30 

0 





X.SIf, Vl’C 

05 



10/30/30 

0 

-- 

15, severe 

15 

A. Blnttcr 

A300 

VJ50 

-- 

— 

11/ 3/30 

0 


• ~ 


XSIt. Vl’C 

70 

a. — 


11/21/30 

0 

- . 

17, severe 

o»t 

A. Fibrin. 

J.'.O 

«> • 

0,12 

11/24/30 

0 




X.‘4B, VJ’C 

01 



12/ 8/30 

12 

14 



X.SB, VJ’C 

04 




12/17/30 

12 

23 

12, severe 

20 

•> 





12/20/30 

12 

20 

49, severe 

3 

A. l'’il>rill. 

J30 


0.12 

12/22/30 

12 

28 



X.'4H, Vl’tr 

78 



12/25/30 

30 

O 

7, mild 

3 






12/27/30 

30 

4 

12, mild 

<> 





... 

12/28/30 

30 

5 

7, mild 

1 

a. 



Mil* 


12/20/30 

30 

0 

5r, mild 

1 

A. Fibrin. 

90 


0.15 

12/30/30 

40 

1 

124-, mild 

1 







1/ 5/31 

40 

7 

almost constant 


A. Fibrin. 

88 

.... 

0.15 

1/12/31 

50 

7 

almost, constant 


A. Fibrin. 

92 


0.17 

1/10/31 

50 

14 

mild 

T) 

A. Fibrin. 

70 


0.17 

1/21/31 

00 

o 

brief, mild 

o 





... 


1/22/31 

00 

3 

brief, mild 

1 






- J 

1/20/31 

GO 

7 



Ksn 

70 

0.24 

0.1(> 

1/20/31 

GO 

10 

15 min., jnild 

7 





2/ 2/31 

GO 

14 



X.SB 

04 

__ 


2/ 0/31 

00 

IS 

10, mild 

s 

xsi?. 

GO 



■2/10/31 

00 

2S 

__ 


XSK- 

GO 

0.24 

0.14 

3/ 2/31 

70 

14 

— 


X.SI? 

50 




3/ 4/31 

0 

2 

IS, mild 

20 

— — 


__ 


3/ 7/31 

0 

5 

IS, mild 

3 






3/ 9/31 

0 

7 

— — 


XSR. 

GO 




3/23/31 

50 

14 




XSI? 

02 

__ 


4/ 0/31 

50 

28 




XSI? 

00 

0.23 

0.13 

4/15/31 

40 

9 

brief, mild 

30 







4/17/31 

40 

11 

brief, mild 

2 






4/20/31 

40 

14 

— — 


XSR 

03 




5/ 4/31 

50 

14 




XSB 

72 




5/18/31 

50 

28 




NSB 

72 




0/15/31 

50 

50 




XSB 

70 



7/13/31 

40 

28 



X'SB 

GO 

0.20 

0.13 

8/ 1/31 

20 

19 

IS, severe 100 







8/10/31 

20 

29 




X’SB. 

70 

0.20 

0.12 

9/28/31 

30 

49 

__ 



X’SB 

GO 
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Table II — Cont’d 


DATE 

s 

s 

>-< 

O 

CO 

O 

P 

M 

s ^ 

TOTAL CONTIKUOUS PEKIOp 
OP GIVEN POSE IN BATS 

DURATION AND SEVERITY 

OP ATTACKS IN HOURS 

INTERV/LL BETWEEN 
ATTACKS IN DATS 

r; 

w 

h-( 

3 

KATE 


CO 

K 

O' 

10/19/31 

20 

21 


__ 

NSR 

60 

.. 


11/ 2/31 

20 

35 




NSR 

70 

0.20 

0.12 

11/16/31 

10 

14 

5, mild 

107 

NSR 

SO 

0.20 

0.12 

12/ 1/31 

20 

15 

24, severe 

15 



.. 



12/ 7/31 

20 

21 

8, mild 

6 








12/14/31 

20 

28 



NSR 

68 




12/28/31 

30 

14 

6, 15, 3%, 
mild 

3 in 2 wk. 

NSR 

70 

0.20 

0.12 

1/11/32 

40 

14 

mild, brief 

147 

NSR 

64 




1/22/32 

50 

11 

brief, mild 

11? 


___ 

.. 


1/25/32 

50 

14 

__ 

.. 

NSR 

68 




1/29/32 

50 

18 

brief, mild 

7? 





— — 

2/15/32 

50 

35 

— — 


NSR 

70 

0.20 

0.13 

2/29/32 

60 

14 

brief, mild 

3 in 2 wk. 

NSR 

60 





3/28/32 

60 

42 

brief, mild 

.. 

NSR 

68 





4/11/32 

60 

56 

... 


NSR 

65 

0.24 

0.15 

5/ 2/32 

60 

77 



NSR 

60 

0.24 

0.16 

5/16/32 

60 

91 


.. 

NSR 

60 

0.24 

0.16 

5/23/32 

60 

98 

.. 

.. 

NSR 

60 

0.24 

0.16 

6/ 6/32 

60 

112 

.. 


NSR 

60 

0.18 

0.15 

6/27/32 

60 

133 

.. 


NSR 

60 

0.24 

0.16 

7/18/32 

60 

154 

.. 

.. 

NSR 

70 

0.24 

0.16 

8/29/32 

60 

196 




NSR 

60 

0.24 

0.15 

9/26/32 

60 

224 

.. 


NSR 

62 



10/24/32 

60 

252 

___ 



NSR 

60 

0.24 

0.16 

12/19/32 

60 

308 


— — 

NSR 

64 

0.24 

0.16 

2/13/33 

60* 

364 

— 

— - 

NSR 

60 

0.24 

0.10 


P. grains was taken for one week during- this period to determine 
the development of tolerance to quinidine. i u 

( ?) Indicates that the exact interval could not be established in these cases. 


of the quinidine therapy, there occurred at least 30 attacks in about fifteen months, 
01 , on the average, at least one attack in about fifteen days in this period, as com- 
pared with one in about twenty-five days during the time before the quinidine 
therapy, and such frequency as five attacks in one week had never been approached 
in the entire control period of over two and a half years. 

An examination of the clinical records and the electrocardiograms taken during 
the period of quinidine therapy shows that starting at the level of 30 grains daily 
ventricular premature contractions disappeared. During the period of auricular 
fibrillation there was in evidence, at this level of dosage, depression of both A-V 
conduction and intraventricular conduction, the ventricular rate having slowed from 
one of 150 to about 90 per minute, and the QRS time having increased from 0 12 

to 0.15 j* the maximum QES time of 0.17 second appeared at the level of dosage of 
50 grains. ^ 

eveS'iLtfn"? U'* ‘"'.r.se ot le„ reading, 
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TIio normal siiuis rate was not slowed by any doses of f|iiiiiidine, alllioiif-li llicre 
was a fcndeney to moderate bradycardia dnrin>: the laiiitrol period. During the 
periods of normal sinus rhythm, A-V eotidiielion was found imp.aired only during 
the level of dosage of oO to (i(> grains, the noriniil ]’-K interval of 0.20 second in- 
creasing to 0.2-} second. Simnltaneonsly i/itraventricnlar conduction w.as usually 
impaired, the QKS time incre;ising from 0.12 to 0.10 second. 

Dl.St.’US.SlOX 

MccJi(t)iisiu of Action . — In llio forcfroinfr rtiso llio iis(! oi! larfre tlo.se.s 
of (]tiiiii(lim' rc.siill 0(1 iti iiuirkod relief of syiiiploiii.s. 'I'liere were two 
dilVerent tiieelumisins. Iiowever, by wliieli this wtis obtained. AVIiile 
after ])rolono'ed lre;ilnienl ]){iro.\y.snis appeared to Intve liecn eoin- 
jdetely idtolislied, in tbe tir.sl period of about one year almost complete 
relief of .'^iib.jective .symi)toms Avas obtained at ti time wlien contrary 
to exjteetations tlie frefineney of par<;xysms liad not dimini.slied but 
mtirkedly incretised. 

Jn tlie itrcsence of tinricidar fibrillation (pniiidine fre(|uently at first 
accelerates the A’cntriciiltir rate owing: to deitrcssion of the A'ajri.’ 
Quinidine may, however, dejire.ss A-V eoiulnction by ti direct fiction of 
the dxmg: upon the conduction tissne.s.’ Tsindly this latter action docs 
not, play an important role in the therapeutic ('ffeets of the drug: in 
auricular flutter or fibrillation. In this cfise, however, the beneficial 
effects of (piinidine for about fifteen months Averi* expressed almost 
entirely by this action on A-V conduction. 'Whereas the ventricular 
rate ranged around loO during the attacks ol' fibrillation before the 
quinidine therapy, they now ranged arcfiind 80 to !)() ])er minute. The 
maximum effect on the ventricular rate resulted from a daily dose of 
quinidine which increased the P-R interval during the normal sinus 
rhythm by 0.0-f second, idthough mai'ked interference Avith ])assagc of 
impulses from the fibrillating auricles to the ventricles occurred dur- 
ing a much loAver level of dosage (80 grains daily) Avhich Avas insuffi- 
cient in this patient to iiroduce any change in the P-R interval during 
the normal sinus rhythm. 

Before ascribing the greater frequency of the jAaroxysms to a direct 
action of quinidine. it Avas necc.ssary to take into consideration the 
fact that as the patient improA'cs he is A-ery likely (though he denied 
it) to permit himself more freqAient exposure to influences that pro- 
A'oke attacks, such as excitement and indiscretion in diet. This did 
not appear to pla.A’ any part in this ease because, as seen in Table IT, 
5 attacks occurred in the first Aveek in AAdiich the lai’ger doses Avere 
used. The greater frequency of the attacks appears, therefore, to be 
due to a direct action of the drug, and A\diile quinidine usually renders 
the auricles ivifavoi-ahle for fibrillation or fluttei*, in this case during 
one period the opposite occurred. 

LeAvis and his coAvorkers^ shoAved that quinidine may exert tAVO an- 
tagonistic effects in the auricle, lengthening the refx*actoiy tixne AAdiich 
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would tend to abolish the circus movement, and slowing of the speed 
of conduction which would tend to prevent its cessation. A relative 
preponderance of this latter action in our patient would explain the 
observation in the early period of the ciuinidine therapy that parox- 
ysms of fibrillation occurred more frequentlj" and that one attack pei- 
sisted almost continuously for two weeks, although not one paroxysm 
in a period of more than four years had ever lasted as long as three 
days. With the larger doses of 60 grains daily, however, sufficient in- 
crease in the refractory time probably occurred to render the auricle 



less favorable for fibrillation or flutter because during this level of 
dosage, the attacks were of very brief duration and subsequently com- 
pletely disappeared. 

Qidnidine in the Presence of Bundle-Branch Bloch . — Quinidine de- 
presses intraventricular conduction,- and under some conditions 
bundle-branch block believed to be due to quinidine has been re- 
ported.®’ * Wilson and Wishardt® reported a case of fatal poisoning 
with quinidine in which the electrocardiogram showed progressive 
spreading of the QES group until the normal contour of the ventricu- 
lar deflections was lost. The presence of bundle-branch block in our 
case presented, therefore, a theoretical contraindication to the use of 
large doses of quinidine. However, doses up to 30 grains daily dur- 
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ing the period of normal sinus rhythm produced no change in the 
QES time, while doses of 60 grains produced a prolongation of the in- 
traventricular conduction time by about 30 per cent (Fig. 3). With a 
fixed dosage, this effect was not progi-essive and promptly disappeared 
when the dose was diminished. Viko, Maiwin and White^ did not 
observe any prolongation of the QKS time during quinidine therapy 
(dosage not stated) in 3 patients ivho had bundle-branch block at the 
start. We administered quinidine to 8 patients with normal sinus 
rhythm, whose tracings showed a normal QRS time, and found that 
daily doses of 30 grains increased the QRS time by 33 per cent in one 
case, and daily doses of 50 grains inei'eased the QRS time by 20 per 
cent in another case. It may be faiidy assumed, therefore, that in the 
presence of bundle-branch block intraventricular conduction does not 
necessarily shoiv any unusual susceptibility to depression by quinidine. 
It would be well, however, in view of the iiossibility of producing 
serious impairment of intraventricular conduction with large doses of 
quinidine, in any ease, even in the presence of a normal QRS time, 
to control the gradual increase in dosage, as in this patient, by fre- 
quent electroeardiogi'ams. 

Vagal Pressure . — We have already referred to the influence of vagal 
pressure in this patient during an attack of flutter. Vagal pressure 
has been used in experimental studies®’ " and is commonly employed 
for various diagnostic purposes, espeeiallj’" for differentiating types 
of tachycardias. It is well known that in auricular flutter vagal pres- 
sure frequently causes the ventricular rate momentarily to diminish 
to one-half by the production of a greater degree of A-V block. Such 
an effect helps to distinguish this from auricular jJaroxysmal tachy- 
cardia, in which the same procedure may cause comjjlete disappear- 
ance of the ectopic rhythm. In cases in which pressure over the 
carotid sheath fails, other procedures such as a deep inspiration or 
pressure on the eyeballs will frequently produce a similar change in 
the ventricular rate. The diagnosis is sometimes uncertain without 
this test. For example, in the case of patient J. B., it was only in the 
period of ventricular arrest produced by vagal pressure that the de- 
flections of auricular flutter could be seen (Fig. 1). During the vagal 
pressure lasting 16 seconds, however, alarming symptoms occurred; 
there was a sensation of heat, followed by marked pallor and almost 
complete loss of consciousness. In the presence of a fatigued A-V 
conduction, the vagal iiressure caused complete block lasting 16.4 sec- 
onds, with ventricular arrest during the first 5.5 seconds, and only 7 
escaped idioventricular beats appeared during the entire period of 
16.4 seconds. This was followed by a prolonged period of auricular 
flutter with an irregular ventricular response. Fairly long periods of 
cardiac arrest following vagal pressure have been reported bj’ others. 
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Natlianson® recently described a ease in wliicb cardiac standstill for 
a period of T.2 seconds occurred in an old patient with a sinus rhythm 
after riglit vagal pressure. Although in our experience, as well as in 
that of others, vagal pressure has proved to be a relatively safe pro- 
cedure, it needs hardly to be mentioned that such sudden and marked 
fluctuations in heart rate as occurred in our patient, from 150 to 30 
IDer minute, are to be avoided. 

From time to time, attention has also been called to alarming symp- 
toms that occasionally appear as a result of vagal pressure.'^ This was 



Pig. 4. — Tracings of patient J. B., Lead II only, showing the rapid recovery from 
the effects of quinidine. A, Taken .5/24/32. after 60 grains quinidine sulphate daily 
for nmety-nme days, shows P-R interval of 0.250 second and QRS time of 0.164 sec- 
ond; B, taken .5/25/32, after quinidine was withheld for twenty-four hours shows 
P-B interval of 0-230 second and QRS time of 0.139 second; C, taken 3/26/32, after 
60 grams quimdme sulphate in tv/enty-fonr hours, shows P.R. interval of 0.230 second 
and QRS time of 0.158 second. 


shown by another case of auricular flutter which came to our atten- 
tion^"^ and in which additional observations also illustrate in a striking 
manner the effect of a tachycardia on ventricular automatieity. 


This patient, a male, aged sixty-two years, had arteriosclerotic heart disease and 
a moderate degree of functional limitation. His blood pressure was 130/70 mm. 
He was admitted to the hospital during an attack of auricular flutter in wliich 
tlie electrocardiogram showed an auricular rate of 320 and the ventricular beat was 
practically regular at a rate of 150 per minute. On some days the ventricular beat 
was fou nd to be irregular and slow due to flutter mth varying A-V block. Eiglit 
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vagal pressure ^vas applied several times during the course of this attack. In each 
case the vagal pressure resulted in ventricular arrest, and the pressure was con- 
tinued until ventricular action was resumed or alariniug symptoms appeared. At 
one time (May 23, 1932) when the ventricular rate was slow (80 per minute) due 
to flutter with irregular block, vagal pressure resulted in complete ventricrflar arrest 
for only 6.8 seconds. At another time (May 20, 1932) when the ventricular rate 
was rapid (150 per minute), vagal pressure resulted in complete ventricular arrest 
for much longer periods of time — 9.8 seconds (in the test performed in the morn- 
ing), and 15.4 seconds (in the test performed in the afternoon). The latter pause 
resulted in a convulsion. The long duration of this period of ventricular standstill 
as the result of vagal pressure is unusual. The tracing is reproduced in Pig. 5. 

We have stressed the danger of vagal pressure in connection with 
these cases because rapid excitation of the ventricle (as by an auricu- 
lar flutter) tends to depress its autoinaticity,'’’ and, therefore, the 
production of complete heart-block by vagal pressure during a tachy- 
cardia is particularly liable to result in prolonged arrest of the ventricle. 
In the diagnostic use of this test it would diminish the risk by apply- 
ing the vagal pressure only momentarily. 

Dosage . — Altliough the average dose of quinidine in tlie treatment of 
auricular fibrillation is from about 15 to 30 grains daily, there are 
several reports on the use of extremely large doses. Viko, Marvin and 
White"* gave daily doses up to 60 grains. Levine and Fulton” gave as 
much as 112 grains in twenty-four hours to one patient with ventricular 
tachycardia, and 36 grains daily for months to another. In our patient 
the dosage was gradually inerea.sed to the point of minor toxic effects. 
Altogether he consumed a total of 38,456 grains (more than 75 ounces 
of quinidine sulphate) or an average of about 48 grains daily for 802 
days. It is well to note, however, that a daily dose of quinidine prob- 
ably exerts its maximum action in the first few days and that prac- 
tically no appreciable cumulation, in terms of effects, is in evidence 
when this dose is continned for months. There are several experi- 
mental studies which show that quinidine is very rapidly excreted.^^’ 

In the present case when 70 grains of quinidine were given daily, 
visual and auditory disturbances occurred after the first day, continued 
in about the same intensity during the two weeks, and disappeared the 
day following the withdrawal of the drug. The continued use of a 
dail.y dose of 60 grains over a period of one year did not shoAV enough 
cumulation to giA'e as marked effects as 70 gTains daily given for one day. 

Inasmuch as the dcA’^elopment of tolerance to the drug during pi’o- 
longed administi'ation Avould vitiate the significance of the absence of 
subjective symptoms as an indication of the absence of cumulation, 
the dose Avas increased to ^0 grains daily for one AA'^eek, after 60 grains 
dailj^ had been taken for almost one year. The results sIioaa'^ that ap- 
preciable tolerance had appai’cntlj’" not dcA'^eloped because during this 
test ringing in the ears and mild deafness appeared, as it did during 
similar dosage in the early part of the study. 
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Interesting observations also bearing on this point Avere made in 
this patient using conduction changes as criteria of quinidine action 
(Fig. 4). After a daily dose of 60 gi’ains for about three months, the 
tracing (tracing A) taken tAvo hours after the last dose of 10 grains, 
shoAved a P-R interval of 0.250 second, as against the control of 0.20 
setdond, and a QRS time of 0.164 second as against 0.12 second in the 
control. Marked recovery Avas in eAudence tAventy-four hours after 
the drug Avas discontinued, the tracing then slioAving a P-R interval of 
0.22 second and a QRS time of 0.139 second (tracing B). The drug 
AAms then administered for one day, and 60 grains (tracing again taken 
tAvo hours after the last dose of 10 grains) produced almost the full 
effect upon the QRS time that Avas maintained by that daily dosage 
for months, nameljq QRS time of 0.158 second (tracing C). The P-R 
interval after this dose Avas 0.233 second shoAAung that in this case it 
reqnired more than one dail}’ dose to produce the full effect on A-V 
conduction. TIoAvever, after a dailj’^ dose of 60 grains for one Aveek, 
the P-R interval Avas found prolonged by about 20 per cent beyond 
the eontrol and the QRS time bj'’ about 30 per cent, and the continued 
use of such dosage for about tAvelve months did not produce any 
greater effect. 

One frequently finds in the literature that the doses of quinidine 
necessaiy to reestablish a nonnal rhythm are expressed in terms of 
total quantities.^ From the foregoing it is clear, hoAvever, that the 
fact of importance in the matter of dosage of quinidine, from the 
standpoint of the therapeutic effects," but more especiallj’' of toxic 
effects, is the size of the daily dose rather than the length of time such 
doses are contiimed, or the total quantity taken oA'er a period of time, 
and that in the case of a dose Avhich has not caused toxic effects in the 
first feAv daj^s, it is unlikely that toxic cardiac effects from the direct 
action of the drug AAdll result from its continued administration for 
long periods of time. It may be Avell to state that emphasis should be 
placed, in this connection, on the toxic cardiac effects, because, as has 
been shoAAui bj^ Gold and Modell,- the elimination of quinidine from 
cardiac structures is apparently faster than from other structures — 
for example, the central nerAmus system — so that repeated doses of 
quinidine AAdiich may giAm no indication of cumulation in the changes 
produced in the electrocardiogram, may, if large enough, shoAV suffi- 
cient cumulation to produce toxic effects by action upon the central 
nervous system. 

We haAm alreadj'' referred to several factors A\diich appear to influ- 
ence the size of the daily dosage of quinidine in the ambulatory 
patient. A series of obserAmtions carided out in another patient are 
of importance in this connection and maj’’ be revieAved briefly’". 

• TJie-npontif effo'its are .‘•onietiipes seen onl.v after the repetition of a fl.xeO daily 
dose for several days, but this is apparently due mainly to a cliang'ing' susceptibility 
of the abnoi-nial mechanism rather than to cumulation of the drug. 
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This patient, M. K., aged twenty-six years, had rheumatic heart disease with 
mitral insufficiency and enlarged heart. There was no impairment in functional 
capacity. During the past two years he had heen suhiect to attacks of paroxysmal 
auricular fibrillation and flutter (rate of the flutter varying from 210 to 300 per 
minute). Because of the rheumatic infection his A-V conduction was frequently 
found prolonged, the tracing showing P-E intervals as high as 0.20 second and 
dropped beats. This probably accounted for the fact that the ventricular rates 
during the periods of fibrillation and flutter were only occasionally faster than 100 
per minute. He was given quinidine and the dosage was gradually increased until 
he received 50 grains daily (10 grains at approximately three-hour intervals). 
Larger doses exceeded his tolerance and produced toxic symptoms (dizziness, mild 
deafness and ringing in the ears) so that it was not possible to ascertain Avhether 
they would prevent the i)aroxj"sms. 

An effort was made to establish the single dose of quinidine which during auricular 
flutter would reestablish a sinus rhj'thm in this imtient. During the visit to the 
clinic a tracing was taken, and when flutter was present a dose of 10 grains of 
quinidine sulphate was given bj' mouth. The patient then rested quietly and addi- 
tional tracings were taken at hourly intervals. This dose sufficed to reestablish a 
sinus rhythm within one to two hours in four out of five such tests carried out 
during a period of six weeks. The effect appeared in ax^proximately the time re- 
quired for the production of the maximum effects of a dose of quinidine as observed 
by others.ii Yet in a period of sixteen months (including the above mentioned 
six Aveeks), auricular flutter prevailed Avhen the patient appeared at the clinic 
during fourteen of seventeen visits, although he rvas taking 30 to 50 grains of 
quinidine sulphate daily, divided into capsules of 10 grains each at approximately 
four-hour intervals, the last dose being taken approximately two hours before the 
examination. A rest period in the clinic during five of these sessions, similar to 
that during the special tests, did not establish a normal rhythm. 

This illustrates, theiefore, that while during rest this patient was 
fairly susceptible to quinidine, so that a single dose of 10 grains suf- 
ficed to abolish ftuttcr and reestablish a normal rhythm, under the 
ordinaiy conditions of activity he appeared so resistant that doses up 
to 50 grains dailj’" were insufficient to keep him free of paroxysms. 

It is common practice to prescribe small maintenance doses of quini- 
dine (usually of the order of about 6 grains daily) to jjrevent relapse 
to fibrillation after a normal sinus rhythm has been established by 
large doses. There is as yet no sufficient proof that such a plan of 
dosage plays any material role in the persistence of the normal 
rhythm. Viko, Marvin and White'* found that relapses to fibrillation 
occurred in as many patients who received continued “maintenance” 
doses of quinidine as in those in whom quinidine was discontinued 
after the normal rhythm was established, althoug’h the dissimilarity 
between some aspects of the two groups led them to the view that 
the maintenance dose did exert some influence. Our own experi- 
ence leads us to the belief that the routine use of the smaller mainte- 
nance doses of quinidine to prevent the recuiTence of flutter or fibril- 
lation in the ambulatory ]patient is probably not sound, and that in 
geneial moie intense quinidine effects are necessary to overcome the 
influences in the ambulatory patient that tend to precipitate an at- 
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tack of fibrillation or flutter than those necessaiy to abolish an attack 
in the patient that is confined to bed. Indeed the necessary intensity 
of quinidine effects may even exceed the patient’s tolerance for the 
drug- so that it becomes impossible to prevent attacks while the patient 
is up and about, as in the case (patient ]\r. Iv.) just cited. To what 
proportion of cases the foregoing- obsei-vations are applicable re- 
mains to be determined b.y more intensive study of larger numbers 
of anibulatorj'- patients with parox 3 'smal auricular fibrillation and 
flutter. 

SUMMARY AND CONCLUSIONS 

1. In the waj" in which quinidine has been emploj’-ed up to tlie 
present time, it has not proved so useful for the prevention of parox- 
3 ’smal attacks of auricular flutter and fibrillation in the ambulatorj" 
patient as for the abolition of such attacks in the patient confined to 
bed. Some of the reasons for this are discussed. 

2. It is indicated that there is less danger in the use of quinidine 
in patients with paroxysmal auricular fibrillation and flutter to pre- 
vent attacks than to abolish the abnormal rh^ythm during a paroxj^sm. 

3. Although quinidine depx’e.sscs intraventricular conduction (pro- 
longs QRS time) the presence of bundle-branch block due to heart 
disease does not indicate necessarilj’ any undue susceptibilitj’- to this 
action of quinidine. 

4. Illustx-ations are cited of the A-alue and dangers of “vagal” 
IDi-essure during a tachjmardia. Because rapid excitation of the ven- 
ti'icle is liable to ixnpair its automaticit.y, “vagal” pressure in aux-icu- 
lar flutter maj^, bj’- producixig complete heart-block, cause prolonged 
ai-rest of the ventricle with alai-ming .sjunptoms. 

5. Depx-essioxi of A-V conduction by quinidine usuallj^ does not plaj- 
an impoi-tant role in the therapeutic etfects of the drug in aux-icular 
flutter and fibrillation. Howevei*, in one case Avhich we report, de- 
pressioxx of A-V conductioxi bj’' vei-,y lax-ge doses of quinidine was 
solely responsible for the almost complete sjunptomatie relief diu’ing 
a pex-iod of more than a j^eai’. Another unusual aspect of the action 
of quinidixie in this patiexit was the fact that the frequencj'- of the par- 
oxj’-sms of fibrillation or flutter Avere not diminished but xvere neax'lj^ 
doixbled durixig this pex-iod. The probable mechanism of this unusual 
reaction to quinidine is discussed. 

6. A fixed daily dose of quinidine produces its full effects verj'^ 
eax-ty, so that if it has not produced toxic effects in the first few flaj'^s, 
it is unlikelj^ that toxic effects fi-om the direct action of the drug Avill 
result from its continued administi-ation for long periods of time. 
Thus in one of our patients a dailj’" dose of 60 grains of quinidine sul- 
phate prolonged the A-V conduction time by 20 per cent and the 
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intraventricular conduction time bj’’ 30 per cent after the first few 
days, but the continued use of this dose for 364 days did not increase 
these effects further. 

7. Since quinidine is rapidlj'' excreted and shows very slight “cu- 
mulation,” the matter of importance in dosage is the size of the daily 
dose rather than the total quantity given over a period of time. 

8. Evidence is presented in support of the view that the use of a 
small “maintenance dose” of quinidine to maintain the normal rlij'^thm 
established with larger doses, exei'ts no appreciable influence on the 
persistence of the normal rhjdhm in the ambulatorj^ patient, and that 
in general mere intense quinidine elfeets are necessary to overcome 
the influences that precipitate an attack of flutter or fibrillation in 
the ambulatory patient than to abolish an attack while the patient 
is at rest. 
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THE IDENTIFICATION OP THE SEPABATE COMPONENTS OF 

THE QBS COMPLEX 


With Special Keference to the So-called Prominent Q-Wave in 

Lead III 

Lewis M. Hurxthal, M.D." 

Boston, Mass. 

' I ’HE separate eomiionents of the QBS complex in the electroeardio- 
gram are not eommonl.y identified in routine clinical practice. Since 
the appearance of the “prominent Q3” as a new sign on the diagnostic 



Fiff. 1. — IlIustratinET inversion of tlie Q-wave in Lead I. Lead II, and Lead III. Tiie 
R-wavc hero is considered diphasic and the S upright in Lead III. 

Fig. 2. — Illustrating inverted Q-wave In Lead I, a high upward S-wave in Lead I, 
a slightly downward Q in Lead II. and an upright Q and R in Load III. The S-wave 
in Lead III i.s downw.ard. Note depth of downward Ss. whicli approximates upward 
■slurring of .Si. 

•From the Medical Department. Lahey Clinic. Boston. Ma.s.s. 
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horizon, there now appears to be sufficient reason for attempting this 
differentiation. Tiie purpose of this paper is not to evaluate the sig- 
nificance of a so-called prominent Q-wavc in Lead III but to point out 
that such in reality, rarely occurs. While the initial deflection in Lead 
III may fill all the requirements set dowm for its identification,^ and 
while this electrocardiographic pattern may have some clinical sig- 
nificance, many of the published records^’ 2, s, 4, 5, g so-called 



3. B'ig. 4 . 


Pig. 3. Showing^ down Q and S in Lead I and upright R. Further showing down 
Q in Lead II and dipliasic R witli slurred down So. In Lead III tliere is also a down 
Q-wave and diphasic R-wave. The S-wave is up in Lead III. This is from a case 
01 mitrcil st6nosis. It is uniisucil a,ll the Q-warVBS ar© downward. 

Fig. 4. — Showing a downward Q in Lead I, an upward Q in Lead II slurred with the 
Ro, and the upward Q in Lead III with a down Ra and an up S 3 . 


lirominent Qg will be found to be either (a) a combination of an in- 
verted Qo made unduly prominent by a fusion tvith an inverted R., 
(b) an inverted Eg alone with an iso-electric Qg or (e) what I believe 
may be regarded as a diphasic Rg. 

It appears to be the custom to call all initial upward deflections in 
Lead III R-waves and all secondary down deflections S-waves. Wiggers" 
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adopted Eintlioven’s designation of inverted initial deflections in Lead 
III as E-waves, altliongli Lewis named them S-waves. In examining- 
manj^ published records there seems to be no uniformity in naming the 
various deflections, particular!}^ of Lead III. In order that confusion 
may be eliminated, particularly Avith reference to the “prominent Q-,” 
some plan for this purpose should be adopted. 

Ill records Avhere all three Avaves can easily be identified, it aaiII be 
found that the duration of each AA'aA'c is practically constant in each 



Figr. 5. Pig. 6. 


Fig. 5. — Showing no evident Q-wave in Lead I (iso-electric Q phase), a definite 
Q-wave in Lead 11. pointing downward, and what appears to be a prominent Qj wliich 
is in reality a diphasic R-wave with an initial down deflection and a sliort up S-wave. 

Fig. G. — lllustratingr an up Q-\\'ave in Lead I. an upward Q-wave in Lead II, and 
apparentl.i' an upward Q-wave of I.ead III. This is unusual. 

lend mid thus the duration of QRS is constant. The Q-Avave in Lead I 
is apparenlly identified only Avhen it points doAViiAA’ard: the same usu- 
ally holds true for the Q-AvaA'c in Leads II and III, although upAA'ard 
Q-AA-aves in Ijead III are occasionally designated. 

In left axis deviation the Q-AvaA'c in Lead I is almost ahinys aa’cH 
marked and points down. In these cases, a distinct upright initial do- 


hurxthal; separate components ov qrs complex 

tlection will be fotind in most instances in Lead III. In contrast to 
this np Qa in left axis deviation the Q-wave in Lead III of right axis 
deviation will be doiviaward. If Lead I is examined in right axis 
deviation, a distinct initial upward deflection may be found in case the 
R-wave is inverted. If the R-wa.ve in Lead I is slightly upright in 
right axis deviation, a slurring at the origin of R will be found. It is 
reasonable to assume this to be the fusion of an upright Q and R. 



mg'. 7 . — Illustrating a Hat Q-wave in Leads I, II, and III (iso-electric Q phrase). The 
apparent Q-wave in Lead III is an inverted R-wave. The S3 wave here is upright. 

Fig. 8. — This shows a flat Q-wave in Lead I, a slightly up or flat Q-wave in Lead 
II and a flat Q-wave in Lead III. The apparent initial downward deflection simulating 
an inverted prominent Qa-wave is an R-wave and the Ss-wave is flat. The R phrase 
of Lead I is diphasic. The down deflection marked “S” in Lead I is too deep for an S 
and if it were an S, there should be an up S tjhase in Lead III. Compare this record 
with Pig. 7 , from the same patient at a later date (coronary thrombosis) in which a 
down Si and an up S3 are easily recognizable. 

If the QRS group is divided into time sections rather than deflec- 
tions, and the first phase of the QRS span be considered due to Q 
whether it be up, iso-electric, or domi, and if the R and S sections are 
regarded in the same manner, there should be no difficulty in many 
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and in fact, in most instances of being able to recognize clearly the 
separate components of the QES complex. 

If the so-called prominent Q-waves of Lead III are subjected to an- 
alysis in this way, it will be found that all such “Q” waves have a 
gi’eater duration than is usual for a normal Q-wave, and that the 
actual time is often one-half or more of the total QRS duration. 

Einthoven’s law, Lead I -f- Lead III = Lead II, is applicable to the 
individual components of the QRS group, and it would appear that such 



Pie:. 9. Fig:. lO. 


Fig^. 9. — Showing a flat Q-wave in Lead I, a definite^- down Q in Lead II, and a 
Q-wave in Lead III. The R-wave is diphasic and the initial down deflection of the R- 
wave is fused witli the down Q-wave. 

Fig. 10. — Showing a down Q in Lead I and an up S in Lead I fused with R-wave 
of Lead I. Tlic R-wave in Lead III is diphasic, tlie S-wave in IjCad HI, inverted. 
Tlie Q is upward in Lead III and fused with the R-wave. 

application is often helpful for the correct identification of the Q-waves. 
In routine clinical electrocardiographic records, tliis law can be ap- 
plied to the separate pliases of the QRS group. The inability to deter- 
mine this is usually due to the effect of somatic tremor or other ir- 
regularities or abnormalities which make it difficult to separate the 
various components. 
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The duration of the Q-phase can be considered usually as about one- 
half the duration of either R or S, so that in the total QRS phase of 
0.10, the Q phase may be estimated as 0.02 seconds. By finding the 
greatest QRS duration of the leads and measuring backward or for- 
ward from the beginning of the Q or the end of the S in other lead'!, 



Pig. 11. 



Pig. 12. 


Pig. 11.— Showing again absent Q-waves in all lead 
Lead I, with a hat or slightly down S-wave in L«ad I. 

measure to be the K- and S-waves, and ther 
with the upright S in Lead III. 


and an upright R-wave in 
Two upriglit waves in Lead 
the inverted R of Lead III 


inverted Q-wave pointing downward in Lead I and upright O 
slurring of the upright S in Lead I with the R-wave 
the height of which approximates tlio depth of the down Sa-wave. 


die true QRS section can be laid off, and the direction of the deflection, 
if any, for each section can be determined. 

Measurements of value may be made at times from the peak of the 
P wave, if the heart rate is the same in all leads. Of course, simul- 
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tancoiis records of Jjcads I and III would be the best way to identify 
the initial waves, although it is not often necessary. For example, if a 
well-marked do^™ward Q is found in Lead I, there is little likelihood of 
the Q pointing downward in Lead III. In such an instance, the first 
downward deflection in Lead III ma.A' be considered an inverted wave 
of the R. phase, and the Q section would then be iso-electric. 

In the ma,iority of instances, the Q, R, or S phase will be either pos- 
itive, negative, or iso-electric. There are times when the R-wave will 



Fiff. 13. — Showing- ;i down Qi. and iip Ki, and a down Si. In Lead II the Q-wavo 
is up and fused witli tlie R-wavo. In Lead HI the Q is al.so fused Avith the R, and the 
R, is jiartiall.v dipiiasic, and tiio S-Avave in Load III Is mirisht. 

I — •‘’I'OAA-ing AA-Iiat luiglit be interpi-ctod a.s a prominent Q.-:. The -sliglitly up 

initial deflection in Ijoad HI is the Q phase, and approximato.s tlic doAA-n Q oxcur.sion 
In Lead 1. Tlie R-A\-aA'e in Lead III is dipiiasic and accounts for the apparontU’ large 
uj) .S phase, ordinarily called an Ra-AvaA'C. 

hiive to be considered di])h<isie, yet there is no reason wh.y this should 
not occur, tbirely do the Q and S pliases have prominent deflections, 
il con.siderf'd from fiii.s jioini of view. The R phase will be found to 
nceounl for most of tlic great excursions of the QRS complex. Thus, if 
there apjiears to bo botli a ])ositive and a negiitive deflection in the usual 
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time period of the R phase, the R-wave can thus be considered diphasic. 
Many instances of so-called splintered QRS comidexcs can be analyzed 
in this light. 
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It seems possible that more information might be obtained in study- 
ing electrocardiograms from this viewpoint. It raises several interest- 
ing questions; for example, if the Q-wave is normally dowrward in 
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Load I, what causes it to point upward in Lead I wlion rigid axis devia- 
tion is not present? Docs the reversal of tlic Q direction without change 
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in axis deviation indicate disease in the septum ? Tiiese and many other 
questions have come to mind in going over many tracings. Sucli an 
analysis is being undertaken. Illustrative records are appended. 
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CONCLUSIONS 

1. The various components of the QRS are not difficult to identify in 
the majority of electrocardiograms. 

2. It is suggested that the QRS interval he divided into three sec- 
tions, and each section described as iso-electric, positive, negative, or 
diphasic. 

3. Prominent Qg-waves arc rare. They are confused with inverted 
waves of the R phase of the QRS complex. 


REFERENCES 

1. Pardee, H. E. B. : The Significance of the Electroeardiograni, With Large Qj, 

Arch. Int. Med. 46: 470, 1930. 

2. Parkinson, J., and Bedford, D. E.: Successive Changes in the Electrocardiogram 

After Cardiac Infarction, Heart 14: 195, 1928. 

3. Levine, S. A.: Coronary Thrombosis: Its Various Clinical Features, Medicine 

8: 245, 1930. 

4. Willius, P. A.; Occurrence and Significance of Electrocardiograms Displaying 

Largo Q-Wave in Lead III, Am. Heakt J. 6: 723, 1931. 

5. Fenichel, N. M., and Kugell, V. H.: The Large Q-Wave of the Electrocardiogram: 

A Correlation With Pathological Observation, A^r. Heart J. 7: 235, 1931. 

6. Strauss, S., and Feldman, L.: The Significance of the Large Q-Wave in Lead 

III, Am. J. M. Sc. 185: 87, 1933. 

7. Wiggers, C. J.: Principles and Practice of Electrocardiography, St. Louis, 1929, 

The C. V. Mosby Co. 



CLINICAL DOSE AND EFFECTS OF DIGITALIS ASSAYED"BY 

THE PIGEON METHOD^'t 


A. B. Stockton, M.D. 

San Francisco, Calif. 

|3 rediction of the clinical dose of digitalis by transfer to man 
A of the “pigeon emetic,” or minor toxicity, dose was tested previously 
on a group of normal subjects.^ It was found that the intravenous 
emetic dose of digitalis per kilo of pigeon ap])roximated the total 
clinically effective oral dose per kilo of man. This work has been con- 
tinued in order to ascertain if this dosage-agreement held also for 
patients with cardiac disease. The matter was tested on 67 patients, 
and 10 normal subjects, with results believed to be worthy of record. 

All the patients used had congestive heart failure; 30 of the 67 had 
decompensation associated with auricular fibrillation. During the in- 
vestigation the patients were confined at absolute rest to their beds in 
the hospital. Fluid intake and urine output were measured daily. Ac- 
curately weighed quantities of powdered digitalis were administered in 
capsules. Two leaves of similar potency (Upsher-Smith) were tried. 

Table I 

Clinical Results with Digitalis Assayed by the Pigeon Method 


LEAP I LEiVF II 


Pigeon Emetic Dose (predicted total clinical dose) (nig.Ag.) - E 14.0 15.0 

Clinically Effective Dose, 07 patients (mg./kg.) — C 17.7 10.6 

Ratio C/E 1.2 1.1 

Slowing of Pulse (beats per minute) 2S 24 

Diuretic Action (per cent of 27 edematous patients) 77 50 

Nausea or Emesis (per cent of 07 jiaticnts) 42 18 

S 3 'mptoms of Digitalis Poisoning (per cent of 67 patients) 14 12 

Abnormal Cardiac Rhj'tlnn Due to Poisoning (per cent of 8 0 

67 patients) 


An intensive method of medication tvas followed throughout as in the 
previous study; i.e., one-half the estimated total dose ivas administered 
at once, one-fourth at the end of four hours, and thereafter one-eighth 
every three hours until definite signs of digitalis action occurred. Ac- 
cordingly, errors in clinical dosage i>lus or minus 12 i^er cent would be 
expected, but this was regarded as satisfactory enough under the con- 
ditions. The criteria of digitalis action were: slowing of the pulse; 

’■Pi'om the Department cf Pharmacology and of Medicine, Stanford University 
School of Medicine, San Francisco. 

Supported, in part, by grant from the Rockefeller Fluid Research Fund of the 
School of Medicine, Stanford University. 

fPresented before the Society for Experimental Biology and Medicine, PaclHc Coast 
Br.anch, February 8, 1933. 
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decrease in venous pressure, as indicated by decreased vein-distention 
and bj’" venous pressure determinations; relief from dyspnea, general 
improvement of the patient; increased diuresis in edematous patients; 
minor toxic actions, such as loss of appetite, nausea, and vomiting; and 
cardiac arrhythmias. A summary of the essential data and comparisons 
is presented in Table 1; the results in all cases represent averages. 

COMPARATIVE DOSES 

Leaf I, assayed by the pigeon method, had a M.Em.D. (minimum 
emetic dose) of 14 mg. per kilo. The average dose recpiired for clinical 
improvement in 30 patients was 17.7 mg. per kilo, or 26 per cent more 
than the dose estimated by the pigeon method. The range of clinically 
effective doses was wide; between 29.6 and 10.2 mg. per kilo, a difference 
exceeding 190 per cent. Wide variation in clinical dosage of digitalis 
is a matter of common knowledge, and is due to a number of uncon- 
trollable factors, such as individual susceptibility, irregularities of 
gastrointestinal absorption, etc. 

Leaf II had a M. Em. 1). of 15 mg. per kilo. The clinically effective 
dose, assayed on 27 patients, was 16.6 mg. ])er kilo, or 11 per cent more 
than the pigeon emetic dose. The range of clinical doses again jiroved 
large; i.e., from 6 to 28.6 mg. per kilo, a difference of over 370 per cent. 

In the standardization of digitalis with pigeons it was observed by 
Hanzlik' that the minimum emetic dose was somewhat higher for males 
than for females. No such difference in sexes was observed in human 
subjects, the average dose of digitalis for 35 males being 17.6 mg., and 
for 32 females 17.9 mg., per kilo. 

Ten other subjects with apparently iiormal cardiovascular systems 
were given Leaf I. The average dose which caused slowing of the pulse, 
anorexia, and slight nausea was 24 per cent higher than in patients 
with congestive heart failure. The normal subjects required 22 mg. per 
kilo as compared with 17.7 mg. per kilo for those with pathological con- 
ditions. 

According to these results, the clinical doses of the two samples of 
digitalis leaves had a fairly constant ratio to the pigeon emetic dose, 
namely, 1.2 and 1.1; unity would indicate perfect agreement. Accord- 
ingly, the pigeon dose gives all that could be expected of a bio-assay 
method on animals. While any bio-assay method is useful for com- 
paring the potency of one digitalis product with another, the choice 
would naturally fall on the easiest and most economical method, and 
such is the pigeon method. Burn® has shown that the pigeon method is 
as satisfactory as the cat method for Iho-assay purposes. Confirmations 
of the value of the pigeon method have also been made by GuidB and 
by Carratala.® From the clinical data obtained, it is apparent that the 
pigeon-emetic dose in milligrams per kilo may be transferred directly to 
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milligrams per kilo body Aveiglit of patient, since the pigeon-clinical 
dose ratio approaches unity. The margin of tlierapeutic safety would 
be indicated by the ratio of pigeon-emetic and fatal doses. 

Comparisons of the clinically effective doses with cat-fatal doses'’ have 
not been made by me, since tlie assays with eats in this laboratory have 
been too variable," and the median doses have e.Kceedcd tliose frequently 
reported by others.® For instance, the cat-fatal dose of Leaf I was a 
median of 108 mg. per kilo (range 87 to 190 mg.; 8 cats), while the 
fatal dose given on the container was 88.5 mg. per kilo. The ratio of the 
pi'edicted clinical dose from the former cat dose to that found tvould 
be 0.55, and from the latter eat dose, 0.67, which is poor as to agree- 
ment of values and as to comparability with the pigeon-clinical ratio. 
Assays on significant numbers of cats, comparable with the dozens of 
pigeons used in our assays, are not practically feasible, and therefore, 
the pigeon doses are more accurate. The practice of selecting doses is 
scientifically unjustifiable with any bio-assay method. 

CLINICAL EFFECTS 

The great range of effective dosage in man has been observed before. 
Obviously, there is no method of bio-assay which can determine the 
dose for the individual iiatient when variations of nearly 200 to over 
300 per cent occur with the same leaf in different human subjects. In 
spite of the most accurate assay, each patient must be observed closely 
for signs of digitalis action. The dose must be determined solely by 
the clinical response of the individual patient, regardless of the potency 
of the digitalis. The value of bio-a.ssay lies in the reduction of error 
in dosage -from several thousand per cent (between various digitalis 
preparations) to two or three hundred per cent (due to variations in 
individual susceptibility). The pigeon-emetic dose, which is a minor 
toxicity dose, should come close to indicating the probable limit of the 
total clinical therapeutic dose, as indeed it appears to do, according to 
the typical signs and symptoms of digitalis action obseiwed in this study. 
Known conditions, such as altitude, Avhich increases the emetic and 
toxic actions of digitalis, should be taken into account when estimating 
the clinical dose." 

Slowing of the pulse is one of the most valuable practical signs of 
digitalis action. This slowing occurs also in normal persons, although 
the dosage required to produce the change is somewhat higher than in 
those Avith a pathological condition.^’ 

Nausea, and especially Anmiting, are to be avoided if possible. Sixty 
per cent of all my patients (Leaf I, 48 per cent and Leaf II, 12 per 
cent) experienced loss of appetite or nausea, AA'hile 28 per cent vomited 
one or more times. Starnotti,® Avho tried pigeon-emetic doses of a num- 
ber of digitalis specialties in 15 patients, obseiwed similar sj^mptoms in 
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40 per cent of liis patients. He stated that liis clinical experiments 
demonstrated the reliability of the pigeon method of digitalis assay, 
but he doubted the advisability of the intensive administration as a 
standard system of dosage. 

Of the 67 patients, only 8 experienced more or less intense digitalis 
poisoning; 4 of these showed cardiac irregularities, consisting of extra- 
systoles, heart-block, and 1 showed bigeminal rhythm. Three of these 
patients were later found to have had digitalis before entering the 
hospital, but poisoning in the other 5 patients was due to failure to 
adhere to the proper technic of medication, and could have been avoided. 

Diui’etic action occurred in 64 per cent (average of 77 and 50 per 
cent) of all patients having congestive heart failure and edema. No 
increase in urine output occurred in noi'mal subjects receiving digitalis. 
Digitalis-diuresis has been discussed in a previous paper.^° 

CONCLUSIONS 

1. The ratios of clinically effective doses of 2 digitalis leaves, in 67 
patients, to the pigeon-emetic doses were found to be 1.2 and 1.1. The 
actual clinically effective doses were 17.7 and 16.6 mg. digitalis per 
kilo body weight, a remarkably good agreement with the pigeon doses. 

2. About 60 per cent of all the patients showed minor symptoms of 
toxicity, such as nausea, and 28 per cent vomited, after oral doses of 
digitalis equal to the intravenous pigeon-emetic dose per kilo body 
weight. Only 8 of the 67 patients showed evidences of digitalis poison- 
ing with this dosage. These side-actions testify that the pigeon-emetic 
dose results in definite systemic absorption and action of digitalis. 

3. The pigeon method fulfills all that can be reasonably expected of 
a bio-assay method on animals, which would predict the probable full 
therapeutic dose, and it is the easiest and most economical of all bio- 
assay methods. 

4. The wide range of dosage required to secure full therapeutic ef- 
fects of digitalis in man emphasizes the importance of close clinical 
observation during medication, even though a standardized preparation 
is used. 
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THE EFFECT OF ADENOSINE ON CARDIAC IRREGULARITIES 

IN MAN^- 


A. jEZER,t ]\1.1)., B.S. Oppexiieimer, ]\I.D., and S. P. Schwartz, M.D. 

New York, N_ Y. 

TT HAS been recently observed by Drnry and Szent-Gyorgyi that 

adenosine may restore sinus rliytlim in the heart of animals in 
which auricular fibrillation has been produced experimentally. As 
the use of such a drug which could restore the normal mechanism 
of the heart in man would be of great value, Ave undertook the in- 
vestigation of the action of the drug in several patients with abnor- 
mal rhythms of the heart. 

Adenosine is a yeast nucleic acid derivative, and its chemical and 
its biological properties have already been described by Drury and 
Szent-Gyorgyi.^ The effect of adenosine and its related compounds 
may be summarized as follows. 

These drugs slow the rale of I)cating in normal sinus rh.vthm. They 
impair conduction from auricle to ventricle, arrest experimentally 
induced auricular fibrillation, .shorten the refractory period in high 
rates of beating, and improve slowed rates of intra-auricular condue- 
lion. They also dilate the coronary, renal and splanchnic arteries and 
cause a drop in arterial blood pre.s.sure. The effect is transient and 
is completely over in from forty to sixty seconds. In the guinea pig’ 
this group of drugs produces a partial heart-block. Atropine does 
not abolish the disturbances in heart rhythm induced by these drugs. 
Barium salts do, hoAvcAmr, inhibit the action of these related drugs in 
the animal. 

Honey and his eoAvorkers' Avere not successful in arresting auricular 
fibrillation in man after the administration of 50 mg. of adenosine. 
They do not report, hoAveA’er, Avhether the auricular fibrillation in their 
ca.ses Avas paroxysmal or lAermanent. It is important to appreciate 
this, since only the transient type of auricular fibrillation responds 
to adenosine, as shoAvn by the experimental Avork of Druiy and Szent- 
Gyorgyi. 

METHOD OP STUDY 

Adenosine Avas administered to scAmn patients Avith heart disease 
and to one patient Avith pulmonary tuberculosis, all of Avliom devel- 
oped ectopic rhythms Avhile under observation at the Montefiore Hos- 

*From the Medical Division of the Montefiore Hospital, Service of Dr. B. S. Oppen- 
heinier. 

tBenjaniin Rosenthal Fellow. 
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pital. In none of the cases Avere the ectopic I’hythins the result of 
drug’ therapy. Pour of the patients, one Avith auricular fibrillation, 
tAA’-o Avith auricular tachycardia, and one AAuth a supraA^entricular type 
of tachycardia, had been obserA'^ed during preAuous paroxysmal sei- 
zures of these arrhythmias. Pressure OA’^er the carotid artery restored 
normal sinus rhj’-thm in only one of the eight eases AAuth arrhythmias. 

The doses of adenosine A'aried from 5 to 50 mg. Doses of less than 
15 mg. AA^ere not eft'ectiA’’e eA’en AAdien giA^en intraA^enously. The subcu- 
taneous and intramuscular administration of the drug up to 50 mg. 
AAms also ineft'ectiA^e. All of the obserA'^ations AAdiieh are being reported 
folloAA^ed the intraA^enous administration of the drug. 

Control electrocardiograms AAmre obtained before, during, and after 
the administration of the drug for periods A'arying from one to three 
hours. 



The folloAAung is a report of some of the correlated obsei’Amtions we 
made during this inA’-estigation. 

OBSERA'^ATIONS 

I. The Effecrt of Adenosine on Auricular Flutter . — A female, twenty-five years of 
age, with chronic rheumatic heart disease and mild congestive heart failure, developed 
a paroxysm of flutter of the auricles with the ventricles beating at the rate of 
210-230 per minute and the auricles beating at the rate of 420 per minute. 

Shortly after the onset of the paroxysm 35 mg. of adenosine were given to her 
into the antecubital vein. Ten seconds after the injection the ventricular rate sud- 
denly dropped from 210 (Fig. 1 A) to 80 beats per minute and continued to beat 
between 80 and 100 beats per minute for the next forty seconds (Fig. 1 B, C). 
Then the ventricular rate gradually increased until it reached its pre-injection 
level of 210 beats per minute, twenty seconds later. 

The electrocardiogram shows a marked increase in block, appearing ten seconds 
after the injection (Fig. 1 B) and lasting sixty seconds. The rate of the flutter 
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of the auricles is not altered (Fig. 1 B, C). The greatest increase in hlock occurs 
fifteen to thirty-five seconds after the injection, -when the ventricles responded to 
every seventh or eighth impulse which arises in the auricles (Fig. 1 C). Tlic hlock 
then diminishes until the 2:1 hlock is rc-estahlished at the end of si.xty seconds. 
The ventricular eomifiexes are not altered in shape, size, or form. 

Comment . — The effect of adenosine in auriculai’ flutter is predomi- 
nantly on the junctional tissue, as is shown in the accompanying elec- 
trocardiograms. There is no effect on the rhj’-thm of the auricles in 
this case. This is in agreement with the conclusions di'awn from the 
experimental work in animals ivhere the influence of adenosine is prin- 
cipally on the sino-auricular and auriculoventricular nodes. 

II. The Effect of Atlenosiue on Paroxysmal Auricular FihriUaiion . — A male, aged 
fifty years, with chrouic coronary vessel closure developed frequent seizures of 
paroxysmal auricular fibrillation. Large doses of digitalis did not diminish the fre- 
quency or the duration of the attacks. Pressure over the carotid arteries had no 
effect on the rhythm. 

Soon after the onset of one of the paroxysms of irregular rliythm we administered 
intravenously 20 mg. and 30 mg. respectively of adenosine. The 30 mg. dose was 
given one-half hour after the administration of the smaller dose which did not pio- 
duce any clinical or electrocardiographic changes. The administration of larger 
dose of the drug u-as followed hy a short period of bradycardia, but the rhythm 
of the auricles was not altered. 

Soon after the onset of another of the paroxysms of the irregular .rhythms, we 
administered intravenously 45 mg. of this drug. Ten seconds after the administra- 
tion of this dose the patient complained of precordial pain, giddiness, and faintness. 
The heart rate suddenly dropped from 100 beats per minute to 40 beats per minute, 
and at fifteen seconds after the injection the heart sounds became inaudible and the 
pulse imperceptible for a period of four seconds. Then the heart sounds were again 
heard beating at a slow rate and gradually increasing in speed until at the end 
of forty-five seconds the heart rate was again at its pre-injection level. The pre- 
cordial pain, giddiness, and faintness disappeared when the heart rate had increased 
to 60 beats per minute. The rhythm remained irregular. 

The electrocardiograms show a lengthening of the K-R period from 0.5-0. 7 seconds 
to 0.7, 0.9 and 1.6 seconds in successive beats followed by a period of asystole of 
the ventricles of 4.6 seconds’ duration. A normal supraventricular comjjlex ends 
the asystolic period and is followed by an ectopic beat, arising in the ventricles. 
The ventricular beats now appear more regularly at intervals of from 1.4 to 1.9 
seconds until 52 seconds after the injection when the R-R intervals gradually de- 
crease to the pre-injection A'entricular rate. The fibrillation of the auricles is not 
affected. 

Comment . — In a patient suffering from paroxysmal auricular fibril- 
lation tile auriculoventricular block was markedlj’ increased for a 
period of 60 seconds after tlie administration of tlie drug. At 20 sec- 
onds tlie ventricles did not respond for a period of 4.6 seconds, and 
then the ventricles beat at the rate of only 30 to 40 per minute. Tlie 
auricles continued to fibrillate. 
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III. The Effect of Adenosin-e on Sinus Bliythm . — In the same patient, thirty -five 
mg. of adenosine were given during the phase of normal sinus rhythm. The pa- 
tient complained of marked giddiness, precordial pain, and faintness beginning about 
ten seconds after the injection. This lasted for 20 seconds. During this period 
the pulse was imperceptible (Fig. 2 B} and tlic heart sounds were not hoard. The 
first ventricular contraction after the pause was followed quickly by a second pause. 


Fig. 2. — The effect of adenosine on paroxysmal sinus rhythm. A. Before adenosine : 
B, ten seconds after 35 mg. of adenosine; C, fifteen seconds after adenosine ; D, twenty- 
three seconds after adenosine ; E, forty seconds after adenosine ; F, forty-five seconds 
after adenosine ; G, fifty-five seconds after adenosine. 


Then there was another pause for 3 seconds. During this period the patient com- 
plained of the same symptoms as described above (Fig. 2 C). The pulse con- 
tinued beating at the rate of 25-50 beats per minute for 25 seconds; then it 
increased in rate to the pre-injection level (Fig. 2 C, D, E). 
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Tlio dci!ti(ii‘anlio}inmis show a ])(>rio(l of vontriiMilar asystole of 0.2 seconds 
(Fig. 2 ]>) followed hy jieiiods of 2-:{ .seconds of ventricular asystole (Fig. 2 C). 
The auricles continued Ijeatiug at the rate of 00 jier minute and each second to 
third heat was followi'd hy .a ventricular complex CFig. 2 I)). The l’-l{ interval re- 
mained constant at 0.17-0.2 secoiid.s. The normal auri<'uloventricul;ir conduction was 
restored for a short period ( I'ig. 2 K), following which the auricular rate was 
slowed from 00 heats ]ier minute to 7(> lie.als jier minute and the conduction from 
auricle to ventricle was again itrolongeil. 'J'iiis was accompanied hy a dissociation 
hetween auricles and ventricles for a iteriod of o seconds (Fig. 2 F) after which 
normal sinus rhythm w.as again restored (Fig. 2 (r'). 

Comment . — Tlie dovuIopiiitMU of piirlitil liciirl-bloelv j‘oi- ti .short pe- 
riod ot lime jil'ler the tippiirtMil recovery of iioniitil conduction repro- 
duces ill iium the sitiiie deltiyed etVec.t of tlie drug, as is sliowii hy 
Drury and Szeiit-Ctyi.rgyi jo lie present in the aiiiiiiiil. 



Fipr. 3. — Tlio cfl'<'ct of adenosine on iriroxy.smal taoli.vcardia of auricular origin. 
Ca.se 1. .-1. Control record, before .-ideno.sine; I:, twi-lve seconds after adenosine; C, 

twenty seconds aft('r adenosine; D, twenty-live seconds after adenosine. 

IV. The Effect of Atleiio.siiic on Parorii.s-mol Tiiehi/earilia of Auricular Orifjin . — 
Case 1. — A male, aged fifty .vears, who had moderately advanced pulmonary tuber- 
culosis, also sniTered from frccjuently recurring episodes of paro.xysmal tachycardia. 
The iiaro.xysins ended spontaneously one to three days after their onset. Digitalis 
and quinidine had no effect on the frequency and duration of recurrences of the 
ectoiric rhythm. 

Thirty mg. of adenosine wore administered intravenously soon after the onset 
of a recurrence of the ectopic rhythm when the heart action was regular and the 
rate of beating was 210 per minute (Fig. 3 A). Ten seconds after the administra- 
tion of the drug, the patient complained of giddiness and faintness which lasted for 
a few seconds. The pulse slowed after 10 seconds (Fig. 3 B), then became imper- 
ceptible for about 3 seconds, reappeared beating at a slow rate and then the rate 
gradually increased until it reached the pre-in.icction rate of 210 beats per minute. 

The electrocardiogram shows a slowing of the auricular rate, coming on ten seconds 
after the injection, followed b.y complete dissociation between auricles- and ven- 
tricles for 8 seconds (Fig. 3 D). At the same time as the auricular rate increased. 
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the complete auriculoveiitricuhir block changed to partial (3:1) anriculoventricular 
block (Fig. 3 C). After 2.5 seconds normal conduction was restored, the heart beat- 
ing at 150 per minute (Fig. 3 7)). 

Comment . — In a patient ivitli anrienlar taeliycardia the heart rate 
was tempoi’arily reduced from 210 to 150 beats per minute after the 
administration of 35 mg. of adenosine. The coincidental increase in 
the auricular rate and decrease in the anriculoventricular block is due 
to the decrease in the effect of the drug as its effect is dissipated on 
the heart. 

Case 2. — Male, aged forty years, rvith hypertension, had several seizures of par- 
oxysmal tachycardia which disappeared on one occasion following the application 
of pressure over the right carotid artery and on the other occasions ended spon- 
taneously. Digitalis had not ended the ectopic rhythm on one trial when a larger 
dose of the drug was given. 



Thirty-five mg. of adenosine were administered intravenously soon after the onset 
of a paroxj'sm of tachycardia. Although there were pulse pauses of 2-3 seconds’ 
duration, the patient did not complain of any of the subjective effects of the drug. 

The electrocardiogram shows a marked depression of the sinus node with periods 
of standstill of both the auricles and ventricles of one to two seconds. There is 
no dissociation between auricles and ventricles. The pre-injection heart rate is 
restored after about 40 seconds (Fig. 4). 

Y. The Effect of Adenosine on Tachycardia of Svpravcniricular Origin . — In a 
female, aged fifteen years, with rheumatic carditis, 25 mg. of adenosine were given 
shortly after the onset of nodal tachycardia. There were no clinical or electro- 
cardiographic changes noted to follow the administration of the drug. 

Comment . — Drury and Szent-Gyorgyi liave sboAvn experimentally 
that adenosine has no direct action on the ventricles in animals. It 
is therefore not surprising that the drug did not have any action in 
this ease. 
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SUMMARY AND CONCLUSIONS 

1. Adenosine was administered intravenouslj" in doses vaiying from 
25 to 45 mg. in eight patients who developed paroxysmal tachycardia 
while under observation at the hospital. 

2. In parox.vsmal auricular flutter and in paroxysmal auricular fibrilla- 
tion, the drug increased the grade of auriculoventricular block for from 
40 to 60 seconds. The abnormal rhylhm was not abolished. 

3. In paroxysmal tachycardia of auricular origin the drug temporarily 
abolished the ectopic rhythm in one case, and was ineffective in restoring 
sinus rhj^thm in a second case. 

4. In parox 3 ’'smal tachycardia of supraventricular origin there was no 
effect on the rate or rhythm of the heart. 

5. Ventricular standstill for periods of 1-9.2 seconds followed the 
administration of the drug in the cases with abnormal rhjdhms of 
auricular origin. During these periods the patients experienced gid- 
diness, faintness, and precordial pain. The symptoms disappeared 
with the return of ventricular contractions. 

6. In man, adenosine is of doubtful therapeutic value in paroxysmal 
tachycardia of auricular origin and of no therapeutic value in the 
other ectopic rhythms which we have studied. 
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ELECTROCARDIOGRAPHIC STUDY DURING A PAROXYSM 

OP ANGINA PECTORIS- 

G. R. Brow, M.D., and Delavan V. Holman, M.D. 

Montreal, Canada 

F rom animal exj)ei’iniental work, as yet unpublished, Ave have con- 
cluded that electrocardiographic changes ehai’acteristic of those 
encountered in angina pectoris can he produced bj?- anoxemia. We 
have by general anoxemia and by transient coronary constriction 
altered the terminal deflections and affected the normal paths of intra- 
cardiac conduction. When adequate oxygenation Avas restored, the 
curves returned to normal. Our results agree Avith those of Kountz 
and Gruber.^ 

Recentlj^ Ave have had the opportunity to take tracings of a patient 
during an anginal attack. The alterations in the terminal deflections 
Avere identical Avith those Ave produced exiDerimentally in animals and 
the}'" were ti'ansitory. Within tAvo minutes after the anginal seizure 
the record Avas essentially normal. It is our feeling that these altera- 
tions Avere due to anoxemia.^ 

CASE REPORT 

The patient walked into the electrocardiographic laboratory on January 6, 1933, 
to have the routine tracing made. The three standard leads were taken (Fig. 1). 
The rhythm was regular, the rate Avas 90, and the A-V conduction time Avas normal. 
In Lead II the T-Avaves were flattened; they Avere negatwe in Lead III. Lead III 
also shoAved deepened Q-Avaves. Slurring of the QES complexes occurred in all 
leads. 

AAUiile the electrodes Avere still attached he spontaneously developed a paroxysm of 
substernal pain, typical in all respects of those he had been suffering. A tracing 
taken at this time (Fig. 2) showed: regular rhythm, rate 75, and normal A-V con- 
duction time. The S-T intervals in Leads II and III had become elevated and in 
Lead I had become depressed. 

Tavo minutes later, when the attack had spontaneously subsided, a third tracing 
(Fig. 3) shoAA'ed: regular rhythm, rate 83, and normal A-Y conduction time. The 
Q-wave in Lead II Avas deepened. Lead II was the only one recorded. 

Thanks to Dr. Joseph Kaufmann, avIio had referred this patient, Ave Avere able 
to obtain tracings on April 29, 1933. They showed (Fig. 4) regular rhythm, a rate 
of 75, and normal A-A^ conduction time. The T-AAmves were diphasic in Lead II, 
and negative in Lead III. The Q-AA'aves Avere deepened in Leads II and III, and 
there Avas slurring of the QBS complexes in all leads. 

The patient, M. F., a business man, sixty-one and one-half years of age, was 
referred by Dr. Kaufmann because of chest pain. Prior to 1928, he had enjoyed 

*From the University Clinic, Department o( Medicine, McGill University and Royal 
Victoria Hospital, Montreal. 
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good health. At this time lie began to suffer from what was thought to he 
cardiospasm in spite of the negative findings in x-ray films of the gastrointestinal 
tract. 

Substeriial pain first appeared on the evening of January 1933. While walking 
in the bitter cold he was seized twice with attacks of severe cramplike xoain beneath 
the lower sternum. With each jiaroxj’sm he had to stopi and rest until it ceased. 
The jiain did not radiate. 

The next day and for succeeding days thereafter, the jiain recurred on the average 
of four to five times a day as he went about his usual business. During this time 
the character of the paroxysms remained constant. It was five days after the 
onset of the angina that we obtained tracings. 



Fig. 1. — Electrocardiogram, three standard leads, taken from patient, M.F., January 
G, 1933, just prior to an attack of angina pectoris. Regular rhythm, rate 90. normal 
A-V conduction time, flattened T-waves In Lead II, negative T-waves Lead III, deep- 
ened Q-waves Lead III, slurring of QRS complexes. 

From January 6 to January 12, although lie rested at home, tlie attacks con- 
tinued, coming usually after meals or when he had gotten upi to go to the bathroom. 
On January 13 ho was free from pain, and, after four days’ further rest, he re- 
turned to work. Since this time he has carried out his usual activities with but 
minor modifications. There have been occasional pieriods when he has had a sense 
of mild substeriial constriction from ovcrcxcrcisc, but there have been no further 
severe seizures of pain. 

He stated that ho had never had shortness of breath, headaches, cough or swell- 
ing of the ankles and feet. lie slept on one pillow. He estimated that he was six 
pounds under his usual weight. 
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On April 2Q, tlie area of relative cardiac dullness extended from the third left 
rib downward, bounded by the right sternal border and running 13.5 cm. to the left 
of the niidsternal line when horizontal, and 12 cm. from the same point when erect. 
There was no widening of the mediastinal dullness in the second interspaces. 



Fig. 2. — Tracings taken of the same patient on tlie same clay, during the height of 
one of his characteristic seizures of substernal pain. Observe tlie coronary T-wave 
type of deviations and compare witli tlie tracing of Fig. 1 and Fig. 3 taken a few 
minutes before and after tlie paroxysm. Regular rliythm, rate 75, normal A-V con- 
duction time, elevation of "S-T" intervals in Leads II and III with depressed S-T in 
Lead I. 



The heart sounds were somewhat distant but were clearly heard. They were 
less audible at the apex than at the base. The aortic second sound was somewhat 
louder than the first sound which was associated with a faint blowing systolic 
munniir. The radial pulses were equal and were of good volume and tension.' The 
heart rate was 74. The systolic blood pressure was 132 mm.; the diastolic 65, There 
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was no evidence of venous pressure elevation. Tlie vessel walls were moderately 
thickened. There was no definite arcus senilis. 

X-ray films of the heart taken at six feet showed the greatest transverse diameter 
was 17 cm.; the greatest oblique diameter 17.5 cm. The transverse chest diameter 
was 29 cm. The greatest transverse diameter of the aorta was C.5 cm. Prom the 
x-ray plates, the enlargement of the heart was greatest to the loft of the midsternal 
line. 

There was nothing of note in the remainder of the patient’s history or e.xamina-, 
tioii. The cranial nerves, deep and superficial reflexes showed nothing unusual.' The' 
specific gravity of .the urine was 1.018. There was a trace of glucose, no .albumin,, 
and nothing abnormal microscopically. • The "Wassermann reaction was negative. 



Fig", 4. — Tracings taken April 29, 1933, nearly four months later. Regular rhythni, 
rate 75, normal A-V conduction time, diphasic T-waves Lead II, negative T-waves Lead 
III, deepened Q-waves Leads II and HI, slurring of QRS complexes. 


co:mment 

From tlie clinical standpoint tliis jiatient had moderate peripheral 
and coronary arteriosclerosis. The heart was somewhat enlarged. 
The anginal attack which we observed and during ivhich we obtained 
tracings could not have been due to coronary thrombosis, though the 
record (Fig. 2) is typical of this condition. Transitory'’ changes of 
this type must be the result of alterations in the coronary circulation 
which have caused temporary anoxemia of the myocardium. 

We interpret the differences between the curves in Fig’. 1 and those 
of Fig. 2 as evidence of a relatively rapid advance in coronary disease. 
Whether there had ever been an infarction cannot be proved. The 
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patient suffered a iiiinimum of fifty severe seizures, and lie cannot be 
persuaded tliat any one was different from tlie otliers. Tlie increased 
deepening- appearing in the Q-waves of Leads II and III is a notable 
feature in tbe light of recent work.® 

The fact that alterations occurring during the attack (Fig. 2) arc 
not secondary to changes in the QRS complexes is important.'* 

We regret that only Lead II Avas taken on recovery from the sei- 
zure (Pig. 3), but, since some of the most marked changes AA'^ere 
present in this axis, Ave think it should be alloAA'^ed to stand as CAddence 
of reeoA'^ery. We feel that records taken a fcAV minutes later Avould 
haA'-e shoAAui a complete rcA'ersion to those in Pig. 1. 

DISCUSSION 

Electrocardiograms taken during seizures of angina iiectoris, that liaA^e 
been described in the literature, fall into three groups : those Avhich 
shoAv primaiy deAuations in the terminal deflections only,®’ 
those Avhich shoAv the bizarre deAuations of intracardiac conduction 
block in one of the bundle branches,**’ *® or in the bundle itself,*® and 
lastly those AA’’hieh shoAA’ed no deviations at all. All three of these 
groups also appear AA’ith eoronaiy thrombosis. In fact, Ave have con- 
cluded that there is only one constant differential point and that is 
the leng-th of time the changes persist. In coronary thrombosis they 
last for days but tend to return tOAAmrd normal in Aveeks or months ; 
in angina pectoris the retuni takes onlj’’ a feAA’’ minutes. Our ease, 
for example, had recovered in less than tAAm minutes. 

A second elassifleation of published cases can be made into tAvo 
groups : those Avhich Avere recorded during siiontaneous seizures, and 
those in Avhom seizures Avere ai’tifieially produced by unusual exercise. 
We feel that there may be good i-eason for studjdng the tAVO groups 
separately. An entirely different mechanism may be operating in 
each to produce the attack — j)ossibly a coronary Amsospasm in the 
first group producing localized areas of ischemia, AAdiile in the second 
group a total relatwe myocardial ischemia is produced by the exercise 
requirements as they exceed the capacity of the disease-limited coi’o- 
nary circulation. At any rate, cases AAdiich shoAved the most marked 
deviations in the S-T intervals and in the T-Avaves, as Avell as the eases 
of conduction abnormalities, Avere all in the spontaneous group. The 
other group Avas by far the larger because of the large single series 
of thirty cases reported by Wood and Wolferth.® What deviations 
occurred in the artificially precipitated seizures not only Avere less 
acute in appearance but it happened that the cases Avhich shoAved no 
deviations Avhatever all fell into this group. 

We are repoi-ting our ease because it adds another record to the 
veiy small group of spontaneous attacks j because it has no predeces- 
sor in the literature that Ave have been able to locate shoAving the 
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classical coronary T-wave changes during an attack similar in con- 
formation to those seen in acute myocardial infarction; because it 
illustrates forcibly the one electrocardiographic differential point be- 
tween coronary tlmombosis and angina pectoris, the fleeting duration; 
and, lastly, because it apparentlj'' reproduces in the human heart what 
has been seen experimentally in animal hearts, and in this way pro- 
vides a connecting link in the eAudence of the role that anoxemia 
plays in the pathogenesis of angina pectoris. 

SUMMARY 

1. The electrocardiographic changes in this patient during an at- 
tack of angina pectoris Avere characteristic of those often seen in 
acute myocardial infarction. After tAvo minutes the curve had re- 
turned essentially to normal. The changes, Ave believe, Avei*e due to 
anoxemia of the cardiac muscle not inAmhung the conduction paths. 

2. We have been unable to find a similar case in the literature. 

3. The changes are typical of those Ave have obtained in animal 
experiments Avith cardiac anoxemia; similar in conformation and as 
transitoiy. 

REFERENCES 

1. Kouutz, W. B., and Grubei', C. M.: The Electrocardiogi’aphic Clianges in An- 

oxaemia, Proc. Soe. E.xper. Biol. & Med. 27: 170, 1929. 

2. Keefer, C. S., and Eesnik, W. H.: Angina Pectoris: A Syndrome Caused by 

Anoxemia of the Myocardium, Arch. Int. Med. 41: 760, 1928. 

3. Feniehel, Nathan M., and Kugell, Victor H.: The Large Q-Avave of the Electro- 

cardiogram. A Correlation With Pathological Observations, Ah. Heart J. 
7: 235, 1931. 

4. Wilson, Frank N., Macleod, A. G., and Barker, Paul S. : "T” Deflection of the 

Electrocardiograph, Tr. A. Am. Physicians 46: 29, 1931. 

5. Clerc, A,: Anomalies Electroeardiographique an Cours de 1 'Obliteration Coro- 

nariennc, La Presse Med. 35: 499, 1927. 

6. Feil, Harold, and Siegel, M. L.: Electrocardiographic Changes During Attacks 

of Angina Pectoris, Am. J. M. Sc. 175: 255, 1928.' 

7. Parkinson, John, and Bedford, D. E.: Electrocardiographic Changes During 

Brief Attacks of Angina Pectoris, Lancet 1: 15, 1931. 

8. Levy, J. R.: Valeur Semiologique des Alterations du Complex A^'entriculaire 

Electrique dans les Syndromes Angincux, Arch. d. Mai du Coeur 22: 523, 1929. 

9. Wood, F. C., and Wolferth, Charles C.: Angina Pectoris. The Clinical and 

Electrocardiographic Plienomena of the Attack and Their Comparison With 
the Effects of Experimental Temporary Occlusion, Arch. Int. Med. 47: 339, 
1931. 

10. Hall, Donald: Electrocardiograms of Two Patients During Attacks of Angina 

Pectoris, Lancet 1: 1254, 1932. 

11. Bousfield, Guy: Angina Pectoris; Changes in Electrocardiogram During Par- 

oxysm, Lancet 2: 457, 1918. 

12. Arillaga, M. F. C.: Signification Prognostique de 1 'Electrocardiograinnie dans 

les Insuffisance Cardiaques, Bull, et mem. Soc. nied. d. hop. de Par. 32: 
November 13, 1924. 

13. Gallavardin, L., and Rougier, Mile. Z.: Aeces d'Angine de Poitrinc avec 

Hypotension Arterielle Extreme ct Accidents Nervcux Syncopaux et Epilepti- 
forines, Paris med. 69: 15, 1928. 



Department of Clinical Reports 


COEONARY OCCLUSION DUE TO I^IETASTASES FROM 
CARCINOMA OP THE BREAST'^ 

Report of a Case Coming to Necropsy Five Years After 
Radical Mastectomy 

T. A. Peppard, M.D., and L. M. Larson, M.D. 
Minneapolis, Minn. 

REPORT OF CASE 

patient was a female seventy -five years of age who was first seen January 8, 

1929. Her health in the past had been unusually good except for the fact that 
she had had a cai'cinonia of the right breast removed by radical resection in 1924, 
but since then frequent examinations had given no direct evidence of recurrence or 
extension of the malignancy. Her complaints when first seen were a dependent 
edema which had been present for a year or so, and a gradually increasing dyspnea, 
especially on exertion, during the last few weeks. 

On examination she was found to be slightly underweight. Her blood pressure 
in millimeters of mercury was 130 systolic and 74 diastolic, there was no adenopathy 
palpable, and the scar of the previous mastectomy contained no nodules or indurated 
areas. There was a firm mass over the midportion of the sternum at the level of 
the third interspace which was attached to the skin as well as to the underlying 
tissues. The heart was not enlarged, its rhythm was regular, the rate was 90 beats 
per minute, and on auscultation no murmurs were heard. Examination of the lungs 
gave negative results. The liver could be palpated about 3 cm. below the costal 
margin, and on pressure it was found to be rather tender. There was a mild edema 
of both legs and ankles. 

Laboratory Findings . — The urine showed slight traces of albumin along with 
varying numbers of pus cells in the urinary sediment. The concentration of the 
hemoglobin of the blood by the Dare method was 87 per cent, the red cells numbered 
5 million, and the leucocytes 7,400 per cubic millimeter of blood. The electro- 
cardiographic tracing showed inversion of the T-wave in the first lead but not in 
Leads II and III. An occasional extrasystole interrupted an otherwise normal 
rhythm. 

Clinical Coxvrse . — The patient was afebrile at all times. On January 24, 1929, 
and again on February 6 the patient had an attack of severe dyspnea, cyanosis, and 
weakness, but recovered fairly well after rest and stimulation. The use of digitalis, 
euphyllin, and theophyllin produced no discernible improvement, and on February 11, 
the patient died suddenly after a little exertion. 

Autopsy .— body was that of a fairly well-developed and well-nourished 
female 161 cm. in length and weighing 140 pounds (63.6 kilos). There was a small 
amount of edema of the feet and ankles, extending about halfway to the knees. 
There was a scar over the right thorax extending toward the axiUa, resulting from 
the previous radical amputation of the breast. This scar was soft and presented 
no evidence of recurrence of the malignant process. Over the midsternum at the 

♦Presented before the Minnesota Heart Society, April, 1929. 
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level of the third interspace there was a- siihcutaneous nodule measuring 3 cm. in 
diameter and quite firm to palpation. This u-as removed for microscopic study. 
Examination of the contents of the abdominal cavity gave essentially negative re- 
sults. 

Both pleural catties contained a quantity of clear, straw-colored fluid, that on 
the right measuring about 1500 c.e. and on the left 500 e.c. No adhesions were 
present between the pleural surfaces, and there were no nodules to be found. The 
pericardial sac was filled with about 800 e.c. of a similar type of fluid. The heart 
weighed 300 grams and was grossly normal in appearance. Examination of the 
course of the coronary arteries revealed an unusual finding. The left coronary 
especially, but also the right, was marked by a pearly white, raised, hard, infiltrating 
tissue which was almost cartilaginous to palpation, and which extended in variable 
degrees throughout the length of both arteries down to the small branches. The 
lumen of these arteries was not completely occluded, but in several areas there were 
arteriosclerotic patches which practically obstructed the flow of blood. No in- 
farction of the heart muscle could be made out, although the entire myocardium 
was definitel}' softened. There were a few arteriosclerotic patches throughout the 
aorta. Several Ijunph nodes of the mediastinum were enlarged, and their cut sur- 
faces revealed a dense pearl}' white, cartilaginous substance identical to that sur- 
rounding the coronary arteries, and likewise identical to that found on section of 
the skin nodule over the sternum. The remainder of the autopsy was Trithout 
relevant findings. The head and neck were not examined. 

Sections for microscopic study were taken from a number of areas along the 
course of the coronary arteries, and these showed infiltration of the epicardium 
about the vessel with adenocarcinomatous tissue which extended in several places a 
short distance into the myocardium, but this was only to a slight degree. The 
vessel wall itself was not involved in the process, but its lumen was markedly 
compressed, especially in areas thickened by arteriosclerotic patches. Microscopically 
the mediastinal nodes and the subcutaneous mass overljdng the sternum showed the 
same adenocarcinomatous structure. 


COMjMENT 

Undoubtedly in this case death was caused by an unusual sequence 
of events which teiininated in occlusion of the coronaiy arteries. Late 
metastases from the adenocarcinoma of the breast, which had been re- 
moved by radical resection five years previously, appeared in a very 
unexpected location, namely, in the epicardium surrounding the coronar.y 
arteries. The mechanism of the localization of the metastases in this 
particular place is obscure, although unquestionably the blood stream 
was the medium tlu’ough which the transfer of malignant cells took 
place. AVhilc in this person a certain amount of arteriosclerotic thicken- 
ing could be expected due to her age, yet it probably would have caused 
few symptoms. However, with the added insult of gradual obstruction 
of the arterial supply of blood to the heart from the carcinomatous 
tissue, .symptoms and sigJis of cardiac failure became more and more 
prominent until death supervened. 

iMet astatic tumors of the heart, of various types, while they are com- 
paratively rai’c, have been repoi’tcd from time to time, but none has 
been found wliich corresponds to the type of lesion described in this 


case. 



PAROXYSMAL COMPLETE AURICULO-VENTRICULAR 

HEART-BLOCK 

A Case Report 

Adolph Sachs, M.D., and Rayaiond L. Traynor, M.C. 

Oaiaha, Neb. 

W E ARE reporting this ease o£ comi^lete A-V heart-block with 
Aclams-Stokes syndrome because of the following nnnsnal fea- 
tures: (1) The block occurred in paroxj^snis, the conduction time be- 
tween attacks being normal. (2) During the presence of the abnormal 
mechanism the ventricular rhythm Avas grosslj’" iiTegular and the ven- 
ti’ieular complexes Avere abei*rant and of seAmral different forms. (3) 
After a pex'iod of several months, during AA’’hieh time the patient de- 
A'eloped an acute streptococcic sore throat folloAved by an empyema, 
the attacks ceased and have not recurred after a period of over tAvo 
years. 

CASE HISTORY 

H. B., a single, Avliite laborer, aged forty-tbree years, was seen first on February 
20, 1931, in consultation with Dr. R. L. Sands, who bad been called because of a 
fainting spell accompanied by a convulsion. At tbe time of our examination the 
patient had recovered; the cardiac rhythm was regular, the pulse SO per minute. 

During the preceding month the patient had experienced repeated peculiar 
spells, which began Avith pounding of the heart, followed shortly by ^'hot flashes," 
dizziness, ringing in the ears, weakness, and profuse SAveats. On several occasions, 
during the more prolonged attacks, he had lost consciousness and had been told by 
his relatives that he had had convulsions. At the first warning of an impending- 
attack he would lie or sit doAvn and as a consequence he had never fallen during an 
attack. The attacks came Avithout apparent cause and occurred irregularly. On 
some days he had repeated short seizures and then would go for several days to a 
Aveek Avithout any trouble. 

The family history Avas irrelevant. He denied all past illness except an occa- 
sional sore throat and a severe leg infection several years ago. He Avas well devel- 
oped and nourished. The tonsils were infected grade two. The lungs were nega- 
tive. The apex-beat was just within the midclavicular line; the area of cardiac 
dullness Avas not increased. A harsh systolic murmur replaced the first sound at 
the apex and was transmitted into the axilla. Systolic blood pressure was 130, 
diastolic 80. The palpable peripheral arteries Avere not sclerotic. Pressure over 
the vagi did not influence the heart rate. 

A seven-foot x-ray film (Pig. 1), taken several days later, shoAved a heart 
shadow of normal size and contour. 

An electrocardiogram (Fig. 2) revealed a normal rhythm and a P-B interval of 
0.18 seconds. 

The patient remained symptom-free until March 1, Avlien he again became un- 
conscious and had convulsions. lYlien seen one hour later, he was conscious but 
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would answer questions only in monosyllables. He was pale and frightened. There 
was no dyspnea. The radial pulse was slow and irregular. On auscultation of the 
precordium one could hear a regularly recurring sound at a rate of 90 per minute 
due to auricular contraction; the ventricular contractions, accompanied by a sys- 
tolic murmur, were slow and extremely irregular. During one quarter-minute 
period the ventricles would contract once, in the succeeding similar period, there 
would be four or five beats. The average ventricular rate was 19 per minute. An 
electrocardiogram (Fig. 3) was obtained. During the night, atropine, caffeine, and 
adrenalin were given with no change in the condition. The next day a normal 
rhythm was resumed. 

On March 5, the patient was sent to the hospital for observation. For a period 
of ten days the rhythm was normal; the pulse ranged from 68 to SS. A two-hour 



Fig:. 4. — Electrocardiogram taken during one of the paroxysms occurring while the 

patient was in the hospital. 



Pig. 5. — ^Electrocardiogram taken on April 12, 1932. Normal sinus rhythm. P-R in- 
terval is O.IG seconds. 

temperature curve showed an absence of fever. A daily leucocyte count was normal. 
He complained of vague pain in the legs and unlocalized abdominal distress. The 
Wassermann reaction was negative. Urinalysis was negative. 

On March 14, the patient complained suddenly of “hot flashes” and dizziness. 
His pulse rate dropped to 17 per minute and he became stuporous. He had sev- 
eral epileptiform attacks lasting approximately one minute. The physical findings 
were, in all respects, similar to those found during the former attack. Atropine 
sulphate, gr. hypodermically, was without effect. After three hours normal 
rhythm was restored. Later in the day a similar episode occurred which lasted 
for only one-half hour. 

During the following two weeks the periods of abnormal rhythm recurred daily. 
The duration of the attacks gradually lengthened until the block was present most 
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of the time. During tiie first few days adrenalin would raise the pulse rate and 
relieve the symptoms but later it seemed to lose its eflicacy. Barium chloride and 
thyroid extract were tried without avail. 

On April 2, the patient developed an acute tonsillitis and the temperature rose 
to 103° P. The pulse rate remained constantly below 40 in spite of the elevated 
temperature. On April 12, the patient complained of pain in the right- axilla, the 
temperature rose to 104° F., and a jdeural rub was heard. On April 24, SOO c.c. 
of serosanguinous fluid was aspirated from the right pleural sac. The rhythm 
at this time became normal and remained so. On April 20, a rib was resected and 
a drainage tube inserted. He exiiericnccd considerable respiratory difliculty from 
the open pneumothorax during the first few days. Convalescence was slow but the 
patient was discharged without drainage on June 20. 

The patient was seen last on April 12, 1933. He had remained entirely sj-mptom- 
free. His physical findings were essentially the same as when discharged from the 
hospital. An. electrocardiogram (Pig. 5) showed a P-B interval of O.IG seconds. 
He had no symptoms of congestive heart failure. 


DISCUSSION 

The most frequent causes of heart-bloelc are acute infections, notably 
rlieuniatie fever and dijilitheria, arteriosclerotic heart disease, sjqihilis, 
and digitalis intoxication. Overactivity of the vagus often plays an 
important role in precipitating a complete dissociation, as is evidenced 
by the occasional return of a normal mechanism under the effect of 
atropine. This is more apt to occur in those cases which result from 
digitalis. Pardee states that “it is extremely doubtful if it (vagus 
activity) ever produces more than an accentuation of a condition fun- 
damentally due to disease.” That a favorable response to atropine 
does not exclude organic disease is shown by a case reported by Carter 
and Dieuade in which a return of a normal i-hythm occurred as a result 
of atropine administration and yet necrops.v showed a badly diseased 
bundle. 

It is obAdous that a lesion of the bundle of His, Avhether inflamma- 
tory, degenerative, or toxic, may resolve and leaAm a functionally in- 
tact bundle. The not infrequent temporary jiresence of a block, espe- 
cially of minor grade, seen during the course of acute infections or 
after a eoronarj’" occlusion demonstrates this fact. The i*epeated at- 
tacks of complete block with a normal conduction time in the inteidm 
as seen in this patient ai-e more difficult to explain. We do not feel 
that they were due to Amgus activity alone, especially in aucav of the 
fact that atx’opine was ineffectual and that vagus pressure betiveen the 
attacks failed to slow the pulse rate. 

Carter and Dieuade in attemjiting to explain a similar ease remarked 
that “there probably exists a large reserve in the conduction capacity 
of the bundle Avhich may be seriously encroached upon before conduc- 
tion is measurably impaired; some subtle cireulatoiy or temporary 
yagal action may result in a failure of the few remaining intact fibers 
to transmit impulses.” In Anew of the mitral valvulitis in this patient 
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we feel that he had a rheumatic lesion of the conduction system. A 
flare-up of this smoldering inflammation would account for the attacks, 
Avhile its subsidence could explain their cessation. 

The idioventricular rhjdhm which becomes established in complete 
A-V dissociation is usually slow and regular. Man}^ of the standard 
textbooks on cardiology fail to mention the fact that the Amntricular 
rhythm in comiDlete block may he irregular. Certainly a gross irregu- 
larity is most unusual. Pardee states “that occasionally with com- 
plete block the ventricular complexes are aberrant and when this oc- 
curs with a regular intersystolie interval it is considered as being due 
to a variable conduction through one or other bundle branch of an im- 
pulse arising in the A-V node. If, however, there is also present a 
slight coincidental irregularity of ventricular rhythm, both variations 
are considered as due to a varying site of impulse foi'mation. ” In 
the present case, the gross irregularity and change in the form of the 
QRS is best explained as being due to the formation of impulses at 
several different sites. 

SUMMARY 

A case of recurring or paroxysmal complete A-V heart-block is re- 
ported. The symptoms associated with the paroxysms constituted the 
patient’s only complaints. He had signs of a mitral valvulitis but had 
never had any symptoms of congestive heart failure. During the 
paroxysms the ventricular rhythm was grossly iiwegular and the ven- 
tricular complexes in the electrocardiogram were abeiTant and of 
several different forms. The cause of the block was considered to be 
a chronic rheumatic myocarditis. 
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Wiggers, C. J., and Cotton, P. S.: Studies on the Coronary Ciixulation. I. The 
Coronary Pressure Pulses and Their Interpretation. Am. .T. Pliysiol. 106: 0, 
1933. 

Pressure pulses were simultaneously recorded from the aorta and cither from 
the central end or from a lateral branch of the anterior descending ramus of tlie 
loft coronary artery of the dog. Calibrated optical manometers designed and 
described by one of the authors were used. They had a high figure of merit when 
tested under conditions of actual use. A technic was ilcvclopcd by which artefacts 
due to motions of the heart were eliminated. 

Such simultaneous records give no indication that the pressure relations, or 
form of the coronary pressure pulse arc modified by any factor except the pressure 
changes in the aorta. The minor changes noted are such as occur in other 
branches of the aorta. The conclusions of Hochrein and Gros, that in addition 
heart rate, capacity and elasticity of the aorta, eddies and friction due to an 
unusually well-developed intima arc not supported by these studies. The authors 
regard these conclusions invalid for (1) comparisons' of coronary and carotid 
pulses do not serve for the stiuly of the problem because the contour and pressure 
values of the latter dilfer essentially from those in the aorta, and (2) evidence 
indicates that the records on which conclusions are based contain many artefacts 
and hence do not picture tlic correct form of pressure fluctuations either in the 
coronary or carotid arteries. 

Haney, Hance F., Bomian, M. C., and Meek, ‘Walter J.: The Kelation Between 
the Position of Experimental Myocardial Lesions in the Dog and the Changes 
in the RS-T Segment of the Electrocardiogram. Am. J. Physiol. 106: 64, 1933. 

The changes in the level of the E-T and S-T segments of the electrocardiogram 
were studied following the production of inyocardial lesions in the dog. The 
lesions were produced hy means of radon implants. An attem2)t was made to 
correlate the position of the lesion with the changes in the level of E-T and S-T. 

Lesions on the anterior surface of the left ventricle consistently produced 
changes of the T, t.ype. Lesions on the posterior surface of the left ventricle 
resulted in changes of the T, type in 6 of a total of 7 dogs studied. One showed 
no change. 

Lesions on the anterior surface of the right ventricle resulted in changes of 
the T, tj^pe in 5 of S dogs studied. The remaining 3 showed no change from 
the normal. Lesions on the posterior wall of the right ventricle re.sultcd in 
changes of the T^ tj^pc in 4 dogs, the T, type in 2 dogs and no cJiange in 1. 

Bowman, James E.: Blood Pressure in the Newborn. Am. J. Dis. Child. 46: 949, 
1933. 

The literature on arterial blood pressure in the newborn is reviewed. 

The tension in a group of 100 babies -was recorded for the flrst four days of 
life, averaging successively .65 systolic, 38 diastolic; 60 .systolic, 41 dia.stolic; 60 
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systolic, 42 diastolic, and GO systolic, 44 diastolic. The determinations ■n'cre made 
with the Pachon oscillometer, with a 5 by 20 cm. cuff placed about the right leg. 
In general, the systolic blood pressure is higher in the babies of greater weight 
at birth, while the diastolic varies little. There was little difference in the blood 
pressure of 15 babies of the same weight group (from 7 to S pounds) born spon- 
taneously. 

Interesting observations were noted on comparison of tension before and after 
drainage of spinal fluid in 4 infants with cerebral hemorrhage. 

Bohning, Anne, Jochim, Kenneth, and Katz, Louis N.: The Thebesian Vessels as 
a Source of Nourishment for the Myocardium. Am. J. Physiol. 106: 183, 1933. 

Bismuth was conveyed from the heart chambers into the coronary sinus blood 
in the beating heart with the coronaiy circulation isolated from the systemic, in 
seven out of ten e.xperiments. In two of these experiments, the possibility of 
any connection between the systemic and the coronary blood by means of e.xtra 
cardiac anastomoses was excluded by perfusing directly into the coronary arteries. 

In preparations of beating hearts with a completeh’" isolated coronary circula- 
tion, a suspension of a pure culture of killed bacteria was injected into the supe- 
rior vena cava. The same bacteria could be demonstrated in the sinusoidal sj^aces, 
the capillaries, the small intramural arteries and veins, the superficial branches 
of the coronary arteries and veins, and also in the blood from the coronary sinus. 
These experiments, therefore, indicate that the thebesian vessels do form a path- 
way in the functioning heart by which blood can be conveyed from the heart 
chambers to the intramural coronary vessels. 

Under normal conditions, the amount of blood conveyed by this pathway ap- 
pears to be comparatively small but in some pathological conditions, where the 
coronary arteries are occluded, enough blood may find its way into the coronary 
capillaries to aid appreciably in the nourishment of the heart. 

Wright, Irving Sherwood, and Duryee, A. Wilbur: Human Capillaries in Healtli 
and in Disease. Arch. Int. Med. 52: 497, 1933. 

In this article an endeavor has been made to review the present knowledge 
concerning human capillaries in health and in inanj’- specific diseases. The field 
is relatively undeveloped, and it is believed that present theories will be discarded 
in the near future and that many additional pathological processes udll be studied 
from the point of view of the capillaries and circulation. The authors have used 
an apparatus devised by thciii and previously described. 

In the first section of the paper there is a full discussion of the anatomical 
appearance and the physiological function of the normal capillaries. In the sec- 
ond section, capillary changes in various disease conditions are described and 
discussed. 

Stainsby, Wendall J., and Nicholls, Edith E.: The Clinical Significance of the 
Erythrocytic Sedimentation Test in Rheumatoid Arthritis. J. Clin. Investiga- 
tion 12: 1041, 1933. 

The erythrocytic sedimentation test was performed on five hundred and ninety- 
seven patients with rheumatoid arthritis in order to determine its significance 
in this disease. The results of the investigation indicate that the corrected sedi- 
mentation index is a reliable criterion of the activity or severity of the arthritic 
process at the time of testing, and that any fundamental change in the clinical 
condition produces immediate corresponding change in the sedimentation rate. 
Patients with greater degrees of joint involvement and a longer disease duration 
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liave higher seilimontatioii rates on the average, than tliose vith iess joint in- 
volvement and shorter disease duration. Considerahlc variation occurs, hoivevor, 
in individual cases. 

The observation that tlie average sedimentation rate i)rogrossivoly increases 
vith advancing age periods is of interest. This plienomonon appears to bo due 
primarily to the increasing accumulation of patients with severe arthritis in ivlioni 
the disease began at some earlier ago. 

From a study of seasonal variations in the sedimentation rate over a long 
jjeriod, suggestive evidence was deduced that on the average the rate was higher 
in winter than in summer, while sj>ring and autumn occupied intennediate posi- 
tions. No relationship was found between the sedimentation rate and the strep- 
tococcus agglutination reaction. 

With the above-mentioned information at hand, it scorns justifiable to discuss- 
thc practical importance of this test. In the past, physicians treating arthritis 
have been greatly handicapped by lack of means for estimating the results of 
their therapy. The sedimentation test appears to supplj' this widely felt need, as 
it is a reliable measuring rod of the activity or severity of the arthritic process. 
By repeating this test at regular intervals the progress of the patient may bo 
determined. The sedimentation test provides a ready aid for correctly estimat- 
ing the value of various treatments proposed for rheumatoid arthritis. 

Stnithers, R. E,., and Bacal, H. L.: Determination of the Activity of Rheumatic 

Infection in Childhood. Canad. M. A. J. 29: 470, 1933. 

It is concluded after observations on thirty-one cases of rheumatic infection 
that uncomplicated rheumatic fever shows a high sedimentation rate, usually a 
leucocytosis of 12,000 to 15,000, fever, aiiproximation of the sleeping and waking 
pulses during the period of fever, and lo.ss of weight. All these evidences of 
activity tend to subside with the clinical evidence of subsidence of the infection. 
Elicumatic fever with carditis shows a sedimentation rate which requires a 2 Jeriod 
of months to return to normal, and hence is ijrobably the most delicate of these 
tests in the determination of activity of rheumatic infection, except in the pres- 
ence of congestive failure with edema when it falls rapidlj^ to levels below the 
normal and is of grave prognostic import. 

It was found that chorea Avithout carditis shows no alteration in the total 
white blood cell count, sedimentation rate, or feA’er. When the chorea is com- 
plicated Avith carditis even in the absence of fCA-er, it shoAvs the same changes 
in these criteria as does rheumatic fcA'cr with carditis, except the absence of 
leucocjdosis. 

Wilkins, Walter E., and Cullen, Glenn E.: Electrolytes in Human Tissue. HI. 

A Comparison of Normal Hearts With Hearts Showing Congestive Heart Fail- 
ure. J. Clin. InAmstigation 12: 1063, 1933. 

The right and left Amntricles of 17 human hearts Avere analyzed for Avater, 
phosphorus, sodium, jAotassium, magnesixim, and calcium. Of these hearts, 5 Averc 
normal, 4 were froxn persons Avlio had cardiac disease but who died from other 
causes, and S Avere from persons AA'ho died with congestiA-e heart failure. 

The Avater content of the diseased right Amntricle tends to be slightly higher 
than that of the left A’cntriele. The AAmter content of both A'entricles of hearts 
from persons avIio died Avith congestiAm heart failure AA-as found to be increased. 
The normal left A-entriclc contains more total pho.sphorus and more potassium 
than the right. Both A-cntriclos of disea.sed hearts shoAved a decrease in total 
phosphorus and potassium. The normal right A'cntriclo contained more sodium 
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than the normal left ventricle. Sodium was increased in both ventricles of per- 
sons who died with congestive heart failure. Usually the right ventricle contains 
a slightly higher concentration of calcium than does the left ventricle. No con- 
sistent variations were found in the calcium content of the ventricles of persons 
who died with congestive heart failure. Both the normal and diseased left 
ventricles were richer in magnesium than the corresponding right ventricles. 
Both ventricles of the disca.sed hearts showed a diminution in magnesium. 

The sums of the individual bases when calculated in milliequivalents per kilo 
of tissue water show that the , two ventricles do not differ essentially in their 
content of total base. The potassium-sodium ratio in the normal left ventricle is 
higher than in the normal right ventricle. Both ventricles of the diseased hearts 
.showed a decrease in this ratio. The phosphorus-potassium ratio was somewhat 
higher in the right ventricle than in the left. The diseased hearts had nearly 
the same phosphorus-potassium ratio in both ventricles as did the normal hearts, 
showing that the former had a propoi’tionate decrease in phosphorus and potas- 
sium. 


Harrison, William Groce, Jr.: The Cisternal Pressure in Congestive Heart Failure 

and Its Bearing on Orthopnea. J. Clin. Investigation 12: 1075, 1933. 

A study was made of the cisternal pressure, the lumbar spinal fluid pressure, 
the systemic venous pressure, the vital capacit3q the arterial blood pressure, and 
the pulse and respiration rates in the recumbent and upright positions in flve 
patients without cardiac disease and in five patients with congestive heart fail- 
ure. 

The arterial blood pressure and ijulse rate wore usually slightly greater in the 
sitting than in the prone position, but, in general, the blood pressure and the 
pulse and respiration rates showed no marked consistent changes with position 
in either group. The sj'stemic venous and lumbar spinal fluid pressure were 
greater in the sitting than in the prone position in each subject and wore much 
greater in each position in the patients with congestive heart failure than in 
the patients without cardiac disease. The vital capacity was greater in the 
sitting than in the prone position in both groups of cases, and the percentile 
increase of vital capacity with change in position was greater in the patients 
with cardiac disease. 

The cisternal pressure was much greater in each position in the group with 
congestive heart failure than in the other group. The cisternal pressure was much 
less in the upright than in the recumbent posture in each case, and this difference 
in cisternal pressure between the two positions was much greater in patients with 
congestive heart failure than in those without cardiac disease. As a result of 
these observations, it is believed that in addition to the increase in vital capacity, 
the diminished cisternal pressure is an important factor in producing the relief 
from dyspnea obtained in the sitting position. The mechanism of this effect is, 
as jmt, unknown. 

Seham, Max, and Hilbert, Eunice H.: Muscular Rheumatism in Childhood. Am. 

J. Dis. Child. 46: 826, 1933. 

The results of a study of thirty-live children suffering from what are predomi- 
nately chronic muscular pains are presented in this i^aper. No evidence was 
found to substantiate the old idea that normal growth causes chronic muscular 
pains. It is believed that the term "growing pains” is a misnomer and should 
be discarded. Chronic pains in the muscles which can be differentiated from 
chronic fatigue and definite orthopedic disorders arc probably the result of a 
chronic infection. 
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Twonty-oiio per cent of 208 chiMren from eight to fifteen years of age gave 
histories of having muscular pains over a period of three months or more. The 
age incidence of these muscular pains M'as practically the same as that for all 
other forms of rheumatism. It was no higher during puberty than at any other 
period. 

There was a significant relation between muscular pains and inadequate sleep 
and fatigue. 

Systolic murmurs developed in 30 per cent of the children who had contin- 
uous fever and in only 19 per cent of the children who were afebrile. Of these, 
11 per cent acquired chronic mitral endocarditis. The average sedimentation 
rate at the end of one hour for the normal group was 5.9 mm.; for the con- 
valescent rheumatic persons and those in w'hom the disease was inactive, 10 mm.; 
for those with muscular rheumatism, 8.7 mm,; and for those w'ith chorea, 11 mm. 
The average streptococcic agglutination titer for the normal group was 1:160 
and for the children with muscular rheumatism, 1:1,500. In the normal group, 
92 per cent of the titers were below 1:200, whereas, in the abnormal group onlj' 
7 per cent were below 1:200. 

Hoyle, Clifford: Pituitary Secretion in High Blood Pressure. ■ Quart. J. Med. 2: 

549, 1933. 

It is not possible to detect pituitrin in normal unconcentrated human cere- 
bro.spinal fluid obtained by lumbar puncture, even if sufficient bo taken to make 
it probable that it comes from the cerebral cisterns. 

Patients with essential hypertension or with hypertension associated with 
chronic renal insufficiency do not usually show an excess of pituitrin in such cere- 
brospinal fluid. Pituitrin may be detected occasionally, but even then only 
minute traces are found. The absence of a significant increase is held to bo 
strong evidence that hyperpostpituitarism is not concerned as an etiological factor 
in these varieties of hypertension. 

Wood, Francis Clark, Belief, Samuel, McMillan, Thomas M., and Wolferth, Charles 

C.: Electrocardiographic Study of Coronary Occlusion. Further Observations 

on the Use of Chest Leads. Arch. Int. Med. 52; 752, 1933. 

Thirtj'-six cases of acute coronary occlusion are reported in which chest leads 
as well as limb leads were used in the electrocardiographic study. Three chest 
leads wore used: Lead IV, from the lower precordiura to the angle of the left 
scapula; Lead V, from the lower precoi’dium to the left leg, and Lead VI, from 
the angle of the left scapula to the left leg. 

The exact location of the anterior chest electrode is important in determining 
the contour of the olcetrocardiograin. This has not been true in the case of the 
po.sterior electrode. The methods used in taking chest loads and the normal find- 
ings in Leads IV, V, and VI arc discussed. 

Certain variations which have been seen in pathological cases without acute 
cardiac infarction are described. Deviations in the RS-T interval maj' occur 
in chest leads in the alisencc of acute coronary occlusion. 

An electrocardiographic analysis of our 30 cases shows that 31 of them tend 
to fall in one or the other of two group.s, termed for convenience Groups A and B. 

Group A consists of ID ease.s. Examples of this group are .shown in charts. 
Pour cases in this group which have come to nccrop.sy have shown occlusion of 
the loft anterior descending coronary artery, with infarction of the anterior 
surface of the left ventricle, u.sually including the apex and the anterior half 
of the interventricular septum. 
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Group B consists or 12 cases. Examples of tliis group are shown in charts. 
The data at hand suggest that these are cases of infarction of the posterior wall 
of the left ventricle due to occlusion of the right coronary artery. 

When chest leads as well as limb leads wore used, all but one of the cases 
of acute coronary occlusion showed electrocardiographic evidence of the lesion 
during the lirst few days. The absence of deviations of the ES T interval in 
all six leads renders the diagno.sis of recent coronary occlusion quite unlikely. 

Certain characteristic alterations produced in the QES complex as a result 
of coronary occlusion tend to persist. Thus, several months after coronary occlu- 
sion has taken place, the findings in the QES complexes and T-waves may point 
to the nature of an antecedent attack. There are certain indications that the 
symptoms of a posterior infarction when compared with those of an anterior one, 
are often less dramatic and less prolonged; that the immediate prognosis is less 
grave, and that the subsequent recovery of adequate cardiac function is apt to 
be more rapid and more complete. 

Landis, Eugene M., and Gibbon, John H.: A Simple Method of Producing Vaso- 
dilatation in the Lower Extremities. Arch. Int. Med. 52: 785, 1933. 

The forearms of patients were immersed in warm water (43° to 45° C.) for 
thirty-five minutes in order to produce vasodilatation in the lower extremities. 
This vasodilator response was studied in 24 patients two showed clinical evidence 
of peripheral vascular disease. 

In 7 patients with pain, eoldne.ss, or cyanosis of the lower extiemities, the 
temperature of the toes rose to levels above 32° C. This normal response defi- 
nitely excluded the possibility of obliterative structural disease of the arteries 
as a cause of the diminished flow of blood in the lower extremities. 

Four patients with thromboangiitis obliterans or arteriosclerosis involving 
the lower extremities showed varying grades of organic occlusion and spasm 
when tested by this method. 

In 8 of the 13 patients who failed to show the normal vasodilator response 
to warming the forearms, the results were compared with those obtained by some 
other method of producing vasodilatation, including the intravenous injection of 
typhoid vaccine, the use of spinal anesthesia, and anesthetization of the po.sterior 
tibial nerve. In 7 of the 8 patients the clinical interpretation of the findings by 
both methods was the same. In 1 patient with arteriosclerosis warming the 
forearms failed to produce a vasodilator response, whereas anesthetization of the 
posterior tibial nerve showed that the vessels were capable of limited dilatation. 

Three patients with acrocyanosis of the lower extremities showed abnormal 
vasodilator responses to warming the forearms, though anesthetization of the 
posterior tibial nerve produced complete, but rather delayed elevations in skin 
temperature. These findings are discussed with reference to the mechanism of 
the diminished flow of blood in acrocyanosis. 

Warming the forearms in water at a temperature of from 43° to 45° C., for 
thirty-five minutes is a simple and entirely unobjectionable method of producing 
vasodilatation in the lower extremities. If the surface temperature of the toes 
rises above 31.5° C., significant obliterative structural disease of the arteries of 
the lower extremity is definitely absent. If the surface temperature fails to rise 
■ to this level, organic arterial obstruction is probably present. With controlled 
room temperature, the approximate grade of the organic obstruction is indicated 
by the difference between 31.5° C., and the maximum temperature reached. For 
absolute certainty in the diagnosis of organic arterial obstruction, the abnormal 
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vasodilator responses obtained by wanning tlic forearms should bo confirmed by 
some other method of producing peripheral vasodilatation. 

Laws, Clarence L., and Levine, Samuel A.: Clinical Notes on Eheumatic Heart 

Disease With Special Reference to the Cause of Death. Am. J. M. Sc. 186: 

833, 1933. 

One hundred and forty-eight eases of rheumatic heart disease were studied to 
ascertain the cause of death. It was found that congestive heart failure ac- 
counted for only 33.1 per cent of the fatalities, acute rheumatic carditis for 23 
per cent, peripheral emboli and thromboses for ll.o per cent, subacute bacterial 
endocarditis for 29 per cent, and 3.4 per cent died of miscellaneous cardiovascular 
accidents, such as angina pectoris or acute pulmonary edema. 

The groups of congestive failure and emboli and thromboses were the oldest, 
subacute bacterial endocarditis a little 3 ’'oungcr, and acute rheumatic carditis the 
jmungest. 

Those that had aortic vah'ular disease alone were the oldest (52.5 jc&ts). The 
mitral cases came next (42. S 3 ’ears) and the patients with combination of aortic, 
mitral, and tricuspid were 3 'oungest (30 to 35 3 mars). 

There were more than twice as many females as males dying of acute rheumatic 
carditis, the relation was reversed in the group dying of emboli and thromboses, 
and the proportion was 3 to 2 on the side of males in the subacute bacterial 
endocarditis group. 

A past history of rheumatic fever or chorea was not found with equal fre- 
quene 3 ’’ among the various groups. While the authors believe that stenosis of 
any of the valves is, e.xcept in rare instances, of congenital heart disease, prac- 
tically invariabl 3 '- due to rheumatic infection, the multiform character of the 
early illness prohibits obtaining a positive past histor 3 ^ in man 3 ^ instances. The 
greater the number of valves involved, the more frequentl 3 ’' was a positive past 
history obtained. This is true for two reasons: such patients are more apt to 
have had more than one infection and the 3 '' die at a 3 ’’Ounger age, so that the 
ear] 3 ’- illnesses arc not forgotten. This explains wly patients with aortic stenosis 
who die at an old age loss frequentl 3 ’' have a positive past history. 

In speaking of valvular lesions in this review, except for those patients dying 
of subacute bacterial endocarditis, we mean stenosis to a greater or lesser extent. 
A striking finding was the great frequency of involvement of the aortic and 
tricuspid valves. When the tricuspid valve rvas involved, the mitral was always 
diseased as well, and frequentl 3 ' the aortic. 

Auricular fibrillation was almost invariable in the emboli and thrombi grou]), 
very common in those d 3 ’ing of congestive heart failure, much less common in 
the acute rheumatic carditis group, and practicall 3 ’' absent in those who died of 
■subacute bacterial endocarditis. The presence of mitral stenosis is the most 
common accompaniment of auricular fibrillation, although this irregularity occurs 
occasionally in patients who have only aortic stenosis. 

The average weight of the heart of those d 3 dng with congestive failure was 
(!17 gm., of acute rheumatic carditis or emboli and thromboses about 550 gm., 
and of subacute bacterial endocarditis 449 gm. The average weight of the 
heart in cases of aortic stenosis was 609 gm., of mitral stenosis 474 gm., and 
of both 603 gm. When the tricuspid ivas involved in combination with other 
valves, the average weight was about 550 gin. The presence of adhesive peri- 
carditis increased the average weight by about 120 gm. The average weight in 
43 patients with adhesive pericarditis was 654 gm., and in 62 patients -with a 
normal pericardium was 534 gm. 
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Pericarditis Avith or Avitliout adhesions AA^as less frequent in the older patients. 
It Avas most common in the group Avith acute rheumatic carditis, fairly frequent 
in those Avith congestiAm heart failure, and A'ory rare AAnth subacute bacterial 
endocarditis. 

Otto, Harold L., Gold, Harry, and Messeloff, Charles E.: Studies on Digitalis 

in Ambulatory Patients With Cardiac Disease. V. Further Observations on the 

Nature of the Cumulation of Digitalis. Arch. Int. Med. 52: 725, li)33. 

The present study AA'as undertaken to ascertain the cui'A'C of the cumulation 
of digitalis in patients AA’ith a regular sinus rhj'thm AA'ithout heart failure, the 
criteria being changes in the P-E interA'al and in the T-AvaA'C AA’hich may, under 
these conditions, be ascribed onl}' to a direct action of the drug and AA'hich can- 
not be produced as indirect effects of an improA-ed state of the general circulation. 

Many difficulties encountered in the course of the study reduces the number 
of successful] experiments to such an extent that on only 12 of the 75 patients 
Avas it possible to carry out obscr\'ations that AA-ere adequate for the purpose of 
the inAmstigation. 

It AA’as possible to demonstrate the folloAA'ing facts: 

1. One daily dose of digitalis A\'as insufficient to produce the full effects seen 
after the continued administration of the drug. 

2. With the continued daily administration of digitalis a curve of increasing 
intensity of effects resulted. 

3. After a time, a IcA-el AA'as reached beyond AA’hich the effects did not increase 
in intensity. 

4. This leA’el AA-as maintained for a length of time sufficient to insure that the 
dose could not produce greater effects by any criterion of the action of digitalis. 

5. A larger dose AA’as capable of producing greater effects, AA’hich indicated 
that the criteria employed Avere sufficiently sensitive to reveal the presence of 
more digitalis. 

It is believed that the experiments carried out in this study confirm the con- 
clusions of Gold and dcGraff, that patients do not excrete a fixed quantity of 
digitalis daily, but one that varies Avith the amount present in the body. 

Gilchrist, A. Rae: The Action of Adrenalin in Complete Heart-Block. Quart. J. 

Med. 2: 499, 1933. 

TAA'elve cases of complete heart-block have been tested Avith repeated sub- 
cutaneous doses of adrenalin in an attempt to discover the factors Avhich goA’crn 
the response of the heart to this drug. 

After a subcutaneous dose, the drug comes into action AA’ith surprising rapidity. 
Acceleration of auricles and A’entricles may occur AA’ithin tAvo to four minutes 
of the injection. The amount of A’entricular acceleration induced bears a strik- 
ing relationship to the rate existing immediately before the injection. High 
initial rates are folloAA’cd by little or no gain in rate, .sIoav rates by pronounced 
acceleration. This means that the state of the heart at the time of the drug’s 
administration determines the heart ’s response. 

By plotting the observed increment against the corresponding initial rate, it 
is found that for a group of 8 cases the reaction approximates to an almost per- 
fect series of decreasing exponentials for increasing ventricular rates. 

Within a certain range of dosage, the amount of adrenalin injected makes 
little or no difference to the ventricular response at a given A’entricular rate. 
The optimum response to 0.5 c.c. adrenalin for various initial rates has been 
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calculated and compared with, the reaction observed after doses of 0.25, 0.75, 
and 1.0 c.c. in the same subjects. The gain in rate after these doses is to all 
intents similar to that recorded after 0.5 c.c. This implies that the response of 
the heart is determined, not by the size of a dose in the usual therapeutic range, 
but by the rate of the heart e.visting at the time of the injection. In other words, 
for a given initial rate 0.25 c.c. of adrenalin will produce as much acceleration 
as a dose four times that amount. 

This phenomenon is discu.ssed in the light of the known laws, which govern 
enzyme action. The independence of the size of the dose arid the response re- 
corded, suggests that a surface action is involved and that adrenalin is being 
adsorbed on some (? enzjmie) surface, as an essential condition of the action. 

The observation that the initial rate determines the degree of acceleration 
finds support in blood pressure studies. Lj'on has suggested that the reaction to 
adrenalin obejm Weber’s law, in that the amount of elevation in the .systolic 
blood pres.sure, after uniform doses of adrenalin, depended upon its level at the 
moment of the injection. 

It has not been found possible to demonstrate as close a correlation between 
the initial auricular rate and its increment after adrenalin as that observed in 
the ease of the ventricles. The auricular response is modified to some extent, 
particularly in those eases in which the magnitude of the ventricular response is 
maximum, that is, when the initial ventricular rate is relatively low. 

It would appear probable that reflex vagal influences, induced by a marked 
ventricular reaction, limit the auricular response. The amount of limitation is 
apparentlj- determined largely by the initial ventricular rate. 

The course of the reaction to a subcutaneous dose of adrenalin varies as much 
in complete block as it does in the normal beating heart. The maximum auricular 
and ventricular reactions arc not necessarily synchronous. As a general rule, the 
auricles attain to the height of their reaction before the ventricles have com- 
pleted their acceleration. An increased frequency of both chambers of the heart 
persists after the blood pressure rise has returned to its preexisting level. No 
untoward sjuiiptoms resulted from the use of the drug. Eelease from the block 
was not observed in anj' of the experiments performed upon these 8 patients. 

Eeactions differing from those just described were encountered in 4 patients. 
One of these eases was a man who suffered from intermittent complete block. 
Tested with adrenalin during complete block, no change in the rhythm occurred 
but a branch defect changed from one side of the heart to the other. Tested 
during 2 to 1 rhythm, complete block was induced. The direction of the main 
ventricular deflection varied according to the presence or absence of conduction 
through the main stem of the bundle. During half-rhythm the ventricular com- 
plex in Lead III was directed downward, whereas during complete dissociation 
its direction was upward. The fact that this man’s heart was unduly susceptible 
to adrenalin suggests that in cases of intermittent complete heart-block, the 
temporary failure of conduction, leading to transient complete dissociation, may 
perhaps be associated with the formation within the body of some subtle and 
complex chemical substance analogous to adrenalin or adenosine. 



Book Review 


Nouvelle Methode Pour la Determination des Chronaxies Myocardique et 

Hisienne. By Adalbert van Bogacrt, Sc.D., M.D., 191 pp. Poitiers. Societd 

Frangaise d ’Imprimerie, 19.33. 

This monograph contains an account of observations on the excitability of the 
heart as determined by the ehronaxie method of Lapicqiie. The purpose of the study 
appears to be the identification of certain cardiac disturbances from measurements 
of the “ stimulability ” of the heart in a special way that is designated as “longi- 
tudinal and transverse ehronaxie.” 

Tho introduction contains a brief statement of the meaning of ehronaxie (i.e., 
the intensity-duration characteristic of a stimulus) so that the reader unfamiliar 
with tliis method may gain an idea of the basic principles of the procedure. The 
main part of the work is presented under two divisions. The first deals primarily 
with experiments and arguments to establish the thesis of two distinct chronaxies 
in the heart (i.e., parts of tho cardiac musculature having distinctly different 
excitabilities) and tho second part contains an elaboration of this concept in an 
attempt to show that in certain disturbances, manifest by changes in the P-E and 
QES intervals in the electrocardiogram, there is a prolongation of one of these 
ehronaxie measurements. 

The author makes use of the fact that the heart as a functional organ presents 
two structures histologically and physiologically, and upon this he postulates two 
chronaxies; one corresponding to the striated cardiac muscle and the other to 
the His-Tawara system. A large number of experiments are reported, covering a 
variety of procedures and pertaining to both the cold-blooded and the mammalian 
heart. Prom these one gleans that the basic things in the work probably center in 
the following considerations: (a) measurements of differences in excitability within 
the heart can be detected when the plane of the testing electrodes is transversely 
across the heart at the level of the A-Y junction; (b) this ehronaxie is two, three, 
or more times that for any other plane; and (c) this ehronaxie measurement is 
definitely that of the Biis bundle system. 

If one follows the experimental results as given, the fact seems convincing that a 
difference in ehronaxie exists in a certain transverse plane of the heart, but doubt 
will come to the minds of those familiar with chronaxinietry as to the interpreta- 
tion of a causal relationship between this transverse ehronaxie and the specialized 
tissue of the heart. Moreover, the extension of this line of reasoning to apply prac- 
tically to the detection of changes in the conducting system from measurements 
made through the closed thorax, seems to be a generalization that will require ad- 
ditional evidence. Since the changes in the transverse (“His”) ehronaxie that 
are brought about with certain drugs (particularly ephedrine) to stimulate the 
usual tjqie of disturbances over the conducting system are portrayed to a large ex- 
tent by characteristic alterations in the electrocardiogram, the reasons for employ- 
ing the ehronaxie method carry less weight. 

The monograph includes at the end a fairly comj)lete bibliography and a help- 
ful table of contents. The text contains many illustrations and a large number of 
concise tabulations which add greatly to the ease of following the argument and 
denote much care in its preparation. 


D. J. E. 
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La Angina De Pecho. By Dr, Gregorio N. Martinez, Profesor de Clinica jMediea 
de la Pacultad de Cordoba. 278 pp. Buenos Aires, 1933, Humberto Andreetta. 

In this volume of 278 pages tlie author attempts a systematic presentation of the 
subject of angina pectoris, using tlie term in its older and more general sense to 
include cases of coronary closure and cardiac infarction. 

Much space is given to the subject of treatment, both medical and surgical, and 
there are included the condensed protocols of 49 personal cases. The book gives 
evidence of wide reading and is furnished with a full bibliography. 

L. A. G. 


Akritmia.s. By Dr. Antonio Battro. 246 pi). Buenos Aires, 1933, Sebastian dc 
Amorrurtu. 

This volume, well printed and well illustrated, should be useful to the Spanish- 
speaking clinician. In addition to a discussion of the different arrhythmias, it in- 
cludes the usual introductory chapters on general considerations and graphic methods. 
The author has succeeded in presenting established facts in a clear, concise form, 
providing a handbook suitable for the student or practitioner. 


E. H. 
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HEART DISEASE PROM THE POINT OP VIEW OP THE 
PUBLIC HEALTH— 1933'U 

Alfred E. Cohn, M.D., and Claire Lingg, M.A. 

New York, N. Y. 

W HETHER the death rate from “heart disease” is increasing is 
still the subject of active debate. A report was made dealing 
with sevei-al aspects of this problem in 1926.^ Since then, the number 
has seemed to be mounting- though doubt concerning the correctness 
of this belief has been expressed by I'esponsible public health officers.® 
The present report was undertaken to continue the studj’- begun in 
1926. 

Certain preliminary decisions have necessarily been taken. The 
curves published in 1926 described the course of events in the original 
ten registration states and the District of Columbia. It seemed wise 
therefore to continue to confine this study to this area. These states, 
the registration area of 1900, comprised the states of New England, 
New York, New Jersey, Indiana, and Michigan. This plan has two 
advantages: first, the record is the longest available in the United 
States; and second, this area presents, within not too wide limits, 
similarity of climate. There is a third advantage; the area is large. 
Inferences drawn from occurrences here ai-e less likely to be unduly 
sensitive to modifying local influences. Local influences may indeed 
issue in consequences of considerable importance. Evidence is, as a 
matter of fact, becoming available which suggests that the course of 
rheumatic fever and its lesions may actually differ with latitude and 
longitude, with humidity, with the quality of sunlight. In short, the 
natural histoiy of a disease elsewhere need not be identical with that 
in the registration area of 1900. Conversely, a description of an area 
as a whole need not be applicable to a subdivision of that area, to 
New York City for example. The area may be regarded as the 

♦Prom the Hospital of the Rockefeller Institute for Medical Research, New York, and 
the Heart Committee, New York Tuberculosis and Health Association, New York. 

tBased on a report made to The American Public Health Association, Washington- 
D. C., October 24, 1932. 
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“hinterland” of the cities. What occurs in any section of it may have 
legitimate geographical interest, but is less significant when the sub- 
ject of study is the course of a disease. Continuing to confine this 
study to the same states has another advantage. It suggests the ad- 
visability of making parallel studies in other regions diffeidng in cli- 
mate, light, altitude. Differences may be found not only in the eoui*se 
of rheumatic fever but in the behavior of other cardiac affections as 
well. Compaidson may be expected to deepen insight into the nature 
of these various processes. 

In the summary of the report of 1926 these paragraphs appear: 

3. It is borne out by study of the curves ivliicli relate infectious and heart dis- 
eases, that the two have moved in opposite directions. The curve whicli represents 
the former has been falling, while that of the latter has risen. But the relation 
is not quite simple, for neither curve travels a smooth course. It is, however, possible 
to notice that at certain points, elianges in the direction of both curves have taken 
place. It is furthermore noticeable that there occurred a delay in the increased 
rise of the curve from heart disease for a number of years after that of the in- 
fectious diseases began to fall. That this period is seventeen years may have a 
meaning but it is not an obvious one and no insistence is placed upon it. That 
there should be a delay like this is easily comprehended; if indhdduals fail to die 
of infection, they will die in some other manner, and of affections which develoj) 
or are incident to life at later ages. 

4. That the data which have been accumulated support this view seems clear, 
for the curves all show that the increased rate of death from the heart diseases 
involves persons over age forty. Under this age, the rates, as these curves show 
have actually fallen. Additional confirmation of this view resides in tlie fact that 
the rate increases with each decade. 

These opinions form the starting point of this further study. The 
cuiwes* carried formerly to 1923 (Figs. 1 and 2) now include the 
facts to the year 1930. They shotv that the direction of the slopes of 
the eiuwes remains unchanged. The inference that a relation exists 
between decrease in deaths from infectious diseases, and increase in 
those from other causes in later decades, especially from the heart 
diseases, seems still to be justified. Since 100 per cent of the 
population dies, the outstanding question becomes “When?” To dis- 
cover this, curves of the death rates at each decade (the siiecific death 
rates) were constnicted (Fig. 2). In the heart diseases they show 
that before the age of forty the rates had been falling steadily since 
tlie j^ear 1900 ; and that after the age of forty, thej’' rose, and did so 
the higher, the older the age group. Recently, since 1920, in the older 
decades, they show a tendency to flatten. In the infectious diseases 
they show that the rates wei*e falling and were doing so in every 
decade. Tliis is a matter of impoi’tance to which it Avill be necessaiy 
later to return. 

•Wo nre indebted to Miss Whittemore and the otlier members of the st.afC of tlic Re- 
search Committee of the New Tork Heart Committee for their aid in constructing these 
curvc.s. We Jire under ffreat obligation to the Bureau of tlie Census, and to Dr. Murphy 
for transcribing tlie figures necessarily used in making the curves. We wish especially 
to express our indcbtedne.ss to him for his courtesy and cooperation. 
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Under these circumstances the deduction seemed simple and justi- 
fied that freedom from infectious diseases, known to have taken place 
on a large scale, has resulted naturally in increase in the number and 



Pig-. 1. — These curves exhibit the mortality rates per 100,000 of various diseases 
in the First Ten Registration States plus the District of Columbia from 1868-1930. 
Curve A+B+D describes the course of events when infectious diseases, tuberculosis, 
the pneumonias and acute cardiac diseases are added ; Curve C, that in cii culatory 
diseases, exclusive of acute cardiac diseases ; Curve Ci includes of Curve C, only 
those age forty and over ; Cs includes of Curve C, only' those less than age forty. 


Diseases grouped as fol- 
lows : 

A — (Infectious diseases) 
Typhoid fever 
Measles 
Scarlet fever 
AATiooping cough 
Diphtheria 
Influenza 
Mumps 
Dysentery 
Acute poliomyelitis 


Meningococcal men- 
ingitis 
Malai ia 

Cholera nostras 

B — ^Tubei'culosis 
Pneumonia 
Bronchopneumonia 
C — (Circulatory diseases 
exclusive of acute 
cardiac diseases) 
Apoplexy 
Angina pectoris 


Other diseases of the 
heart (including 
endocarditis) 

Diseases of the arteries 
Other diseases of the cir- 
culatory system. 


L> — (Acute cardiac dis- 
eases) 

Pericarditis 

Acute endocarditis 

and myocarditis 


States included ; Connecticut, Indiana, Maine, Massachusetts, Michigan New Hamn 
shire. New Jersey, New York, Rhode Island, Vermont, and District of Columbia. 


2SG 


TIIIO AMKHICAX IIK.AKT .JOUKX.AI, 


in the rate oi‘ deaths from otlier causes in latei- decades. Furtlier re- 
flection lias suggested lhat in tliis simjdc deduction erroi- lias found its 
Avay. if in tlie year ]9()0 for example, the denth rate from chronic 
diseases of the heart in a given later decade of life is expressed by a 
certain figure, Avhy, in the same decade at another date, such as 1930, 
should a change take i)taee? i\t the two dates, in any 100,000 persons 


Specific dcalti pates. flr-sL ten pegistpatton states -D.C. for certain 
groups of diseases IB70-I930 



Figs. 2 to 8. — To economize space these cuia’cs liave been plotted on seniilogarltlOTic 
scales. The data refer in eacli one to tlie Registration States of 1900 Plus the liis- 
trict of Columbia. These curves give specific death rates. Tlie designations or tiie 
curves used are the same as those in Fig. 1. 

of this age, approximately the same number of persons should die. 
The rate should x’emain unchanged, though with increase in popula- 
tion the numb 67' of deaths tvoukl, of coiu’se, rise. This statement is 
made categorically and reqnii’es uoav qualification on two important 
counts. First: if certain members of eacli group of 100,000 bave sus- 
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tained injuries in earlier years, from scarlet fever or from diplitheria 
for example, of such a nature as to predispose them to disease of the 
heari, the number and rate of deaths from heart disease among them 
might, presumably, be greater than among those who had not experi- 
enced these illnesses. This suggestion has actually been made."* The 
coiTCctness of this supposition is, at the present however, not open 
to analysis; there are no suitable reports of morbidity. Until these, 
so seriously wanted, are supplied, neither this nor other similar sug- 
gestions can be tested. Whether it is important to make this analysis 
will appear on further consideration. 

The second qualification arises from the possibility that the death 
rate in a decade of age is modified by changes taking place i)i that 
decade itself. This possibility can be studied. If, for example, of 
100 persons aged sixty, 10 per.sons formerty died of pneumonia but 
do so no longer, dying now of a heart disease instead, the number who 
die of a heart disease is increased by the number no longer djdng of 
pneumonia. The saving from infections diseases has in fact been 
more than great enough in the sixth and tenth decades themselves to 
account for the increase in the number of deaths per 100,000 from the 
heart diseases, but in the seventh, eighth, and ninth, they were not, 
although the savings in these decades attained considerable dimen- 
sions (Table I). Other causes must account for the increase. 

To do so, seaz'ch may be instituted in another direction. The in- 
quiry shifts now to consideration of “fashion” in diagnosis.® Changes 


Table I 


Circulatory and Eenal Diseases 



(ABC 

D e)* 



AGE 


1900 

1930 


INCREASE 

40-49 


261.8 

250.7 


-11.1 

50-59 


598.1 

721.3 


+123.2 

60-69 


1389.9 

1962.3 


+572.4 

70-79 


3478.9 

5048.5 


+1569.6 

80-89 


8895.0 

11908.5 


+3013.5 

90+ 


21053.7 

22090.4 


+1036.7 



Infectious 

Diseases! 







(4) 


AGE 

(1). 

1900 

(2) 

1930 

(3) 

decrease 

increase 

IN 

A B C D E 

(4) -(3) 

40-49 

447.7 

183.8 

-263.9 

-11.1 


50-59 

555.2 

231.6 

-323.6 

+123.2 

-200.4 

60-69 

876.7 

34.5.5 

-531.2 

+572.4 

+41.3 

70-79 

1589.6 

625.9 

-963.7 

+1569.6 

+605.9 

80-89 

2970.0 

1315.8 

-16.54.2 

+3013.5 

+1359.3 

90 + 

4188.5 

2203.4 

-1985.1 

+1036.7 

-948.4 


♦These letters designate briefly the rubrics shown in Pig. 3. 
tThe infectious diseases are those designated in Table HI. 
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in the nnmbei' of deaths entered in a diagnostic rubric are Icnown to 
take place. The reasons for these changes are numerous. R. L. Levy'' 
has shown that in the Pre.sb 3 Tei’ian Hospital in New York City the 
number of times the diagnosis, thrombosis of coronaiy arteries, for 
example, was entered increased shai'ply after the publication of papers 
on the subject b}^ J. B. Hei’rick. Attention was, it seems, focussed 
sharply on a special form of illness and resulted in greater diagnostic 
acumen. Reports on this subject to the Bureaux of Vital Statistics 
in the registration area obviously can influence the form of the curves 


DedLh pdLes per 100.000 populdLion fop U.5 pe^islPdtion dPCd of 1900 fop cerLdin dbedses 



Fi"?. 3. — A to P. Tlieso curves describe tlie( course; of the I'ate of mortality at each 
decade of life under five separate rubrics for tlie four years, 1900, 1910, 1920, 1930. 
A exhibits the situation in chronic cardiac diseases ; B, that in diseases of the arteries ; 
C, in chronic nephritis ; D, in cerebral hemorrhage and softening of the brain ; B, in 
senility. P gives the rates when these five classes of disease are added. Table. II 
indicates which code numbers are used and tlie equivalent code numbers in succeeding 
editions of the International List of Causes of Death. 


(Fig. 3, A and B). And again increase in knowledge or further con- 
sideration of the problem of classification may account for the violent 
changes which have taken place under the head of senility (Fig. 3, .E).*' 
Similar changes may hai'^e occurred in the categories, “chronic car- 
diac diseases,” “diseases of the arteries,” “chronic nephritis,” “cere- 

*These statements ignore, as they may, difficulties connected with double entries in 
registration. 
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bral liemon-liage and softening of tlie brain/’ and “senility.” Con- 
ceivably, for reasons not wholly apparent, cases entered under one 
may, at another time, be entered under another heading. Scimtiny of 
all the categoi’ies emplo^'^ed in the International List of Causes of 
Death has singled out those which have just been named as the ones 
especially liable to change of this sort. Each of them has in fact 
undergone alteration (Fig. 3, A, B, C, D, E). If, instead of malting the 
effort to understand the behavior of each class separately, this gi*oup 
of chronic ailments is regarded as a whole, as a unit, a better insight 
into what has been the course of events may be secured. When this is 
done it becomes obvious that the death rate in each decade of life be- 


Specific death pates fipsl ten peflslration states tD.C fop chrome capdlac diseases and combinations of these dis- 
eases in 190019101920.1910. 
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Chronic cardiac diacdtu 
CefvbfMl hemorphagp & 
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Chronic carduic diseases 
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Pig-. 4. — These curves describe the course of the death rate at each decade of life 
in the rubric "chronic cardiac diseases” and combinations of these rates with other 
selected rates : 

A. The rates for chronic cardiac diseases are given separately and are iden- 
tical with those in Fig. 3, A. 

A-fB. The rates for chronic cardiac diseases are combined with those of dis- 
eases of the arteries (Fig. 3, A+B). 

A-tC. The rates for chronic cardiac diseases are combined with those of 
chronic nephritis (Fig. 3, A-pC). 

A+D. The rates for chronic cardiac diseases are combined with those of 
cerebral hemorrhage and softening (Fig. 3, A-pB). 

A-pE. The I'ates for chronic cardiac diseases are combined with those of 
senility (Pig. 3, A-PE). 

P. The rates given for these five classes of disease are added. This set 
of curves is identical with those in Fig. 3, F. 


ginning with the fifth has remained much more nearly constant,- the 
curves have become much more nearly flat (Fig. 3, F). This observa- 
tion may be described in another way; when the effort to arrange the 
cases under appropriate but arbitrary rubrics is ignored, and a more 
general scheme of classification is adopted, descriptive nevertheless of 
the group, the members within which are reasonably closely related. 
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a sharp increase has obviously not occurred. Even if to the class 
“chronic cardiac diseases” (Fig. 4, A) that of “senility” (Fig. 3, E) 
alone is added, the resulting curve (Pig. 4, A+E.) presents a form in 
striking contrast' to that of the two component curves. But whether 
the group is regarded as a Avhole (Pig. 4,-P) or merely from the point 
of view of a combination of “chronic cardiac diseases” and “senility” 
(Fig. 4, A+E) or of any other combination of which A is one element, 
the result (Pig. 4) shows that a x-ise has taken place in the decades 
beginning with the fifth (except A+C and P), though taken as a whole 
(Pig. 4, F) the idse is distinctly smaller than is the case when it occurs 
in any one, singly. 



Fig. 5. — These curves describe the course of the deatli rates at each decade of 
life in the rubric “chronic cardiac diseases” ; of those in the infectious diseases, and 
of combinations of these with other selected rates. 

(a) The rates for chronic cardiac diseases ai'e given separately and are 
identical with those in Fig. 3, A. 

(b) The rates for: chronic cardiac diseases are combined with those of dis- 
eases of the arteries (I?ig. 3, A+B). 

(c) The rates for chronic cardiac diseases and diseases of the. arteries are 
Combined with those of chronic nephritis (Fig. 3, A+B+G). 

(d) The rates for chronic cardiac diseases, diseases of the arteries, and 
chronic nephritis are combined with those of cerebral hemorrhage ana 
softening (Fig. 3, A+B+C+D). 

(e) The rates for clironic cardiac diseases, diseases of the arteries, chronic 

nephritis, cerebral hemorrhage, and softening are combined with those 
of senility (Pig. 3, A+B+C+B+E). This set of curves is identical with 
those in Fig. 3, F. 

(f) These curves describe the course of tlie death rates at each decade of 
life in the Infectious diseases. Table III indicates whicli items are used 
and the equivalent code numbers in succeeding editions of the Interna- 
tional List of Causes of Death. 

(g) The rates of chronic cardiac diseases (a) and infectious diseases (f) are 
combined. 

(h) The rates in (e) and infectious diseases (f) are combined. 
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11' tlie course of CA'euts iu tlie iufectious diseases is now considered 
again, the meaning of tlie fall in the death rate compared with that 
of the eirculatoiy group becomes apparent (Fig. 5). It is in these two 
great groups, the infectious and eirculatoiy diseases (inclusive of 
chronic nephritis) in which by far the majority of all deaths is in- 
cluded. The two together should approximate the total death rate. 
The addition does in fact correspond with this assumption; the inter- 
val between the sum (Pig. 6, Curve 1-2) and the total rate (Fig. 6, 
Curve T) is relatively small and has' become steadily smaller with 
time. But the result of the addition presents a new problem. In the 
fifth, sixth, and tenth decades, as the curves (Pigs. 6 and 7 in compari- 
son with Pig. 3, Curve P and Table 1) show, the decreases in infec- 
tious diseases are greater than the inei'eases in the circulatory group. 



In Figs. 6 and 7 the method of presentation is changed. In these figures the 
data are arranged not according to diseases, but according to age. In each column 
are given data concerning the circulatory group and the infectious group. 

Pig. 6. — Curve A describes the eoiu’se of the death rates in chronic cardiac dis- 
eases. 

Curve B adds to Curve A the death rates in diseases of the arteries. 

Curve C adds to Curve B the death rates in chronic nephritis. 

Curve 1 in the fifth and sixth decades adds to Curve C the death rates in 
cerebi'al hemorrhage and softening and represents therefore the death rates 
of this entire circulatory group. • 

Curve D beginning in tlie seventh _ decade adds to Curve C the death rates in 
cerebral hemorrhage and softening. 

Curve 1 beginning with the seventh decade, adds to Curve D the death rates 
in senility and represents therefore the death rates of this entire circula- 
tory gl’OUp. 

Curve Pn gives the death rates from the pneumonias. 

Curve Pn+Tb adds, to Curve Pn the death rates from tuberculosis. 

Curve 2 adds to Curve Pn+Tb the death rates of all the other infectious dis- 
eases. For the code numbers used of the infectious diseases, see Table III 

Curve 1-2 is the sum of Curve 1 and Curve 2. 

Curve T adds to Curve 1-2 the deatli rates of all the other causes of death 
and describes therefore the total death rate. 


The slope of the curves is downward (difference between 1900 and 
1930). The meaning of this seems to be that the effect of saving from 
infectious diseases continues to result in a positive balance (decrease 
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10 yr. a. Aneurysm the brain 

over) b. Arteriosclerosis 

c. Other diseases of arteries 
92. Embolism and thrombosis (not 
cerebral) 
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in the Curve 1-2, wliieli is reflected in the total rate) until the seventh 
decade/'" Not until the influence of this movement in the infectious 
diseases comes to an end, can stability in the slopes of all the curves 
be expected. Completion of the pi’ocess will, it seems, result in ever 
higher populations in the decades bejmnd those in which the saving 
occurs. BaiT'ing the influence of other affections, such as cancer, rises 
in the circulatory group must consequently’- occur until these also in 
turn become stable. This is the result which seems, as a matter of 
fact, to be taking place. Beginning with the sixth decade, an in- 
crease in the circulatory group is apparent until 1910 or 1920; then 
greater stability begins to occur (Fig. 6). 



Fig. 7. — This is similar to Fig. G in that curves A, B, C. D are identical. In the 
fifth and sixth decades, D (senility) is omitted. The rates of the infectious 
diseases are given not independently but as additions to the preceding : 

In the fifth and sixth decades T> and, beginning with the seventh decade, 
. E ( = Fig. 3 F) represent the death rates of the entire circulatory group. 
Curve G adds to Curve D (fifth and sixth decades) or B ( = Fig. 3, F) be- 
ginning with the seventh decade, the rates in pneumonias. 

Curve H adds to Curve G the rates in tuberculosis. 

Curve I adds to Curve H the rates in the other infectious diseases. 

Curve T adds to Curve I the rates in all the other causes of death and de- 
scribes therefore the total death rate. It is identical with Cui-ve T in Fig. 6. 


As a result of these reflections certain inferences can, it appears, be 
dra-wn : 

A. 1. — In the later decades the death rate has increased distinctly in 
A (chronic cardiac diseases) and B (diseases of the arteries) ; 
less in the three highest decades in C (chronic nephritis) and D 
(cerebral hemorrhage and softening of the brain) ; and has 
fallen sharply in E (senility) (Pig. 3). 

*It seems unnecessary to attribute to savings (from scarlet fever, for example) in 
early life, an Infiuence which does not become operative, even in a small way, until the 
seventh decade. 
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2. — the circulatory and renal group is studied as a whole (Fig 3, 
F) with the view to ignoring fashions in diagnoses, reflecting 
in part as these do increase in knowledge, especially of an 
anatomical nature, inei*eases in the death rate are observable 
beginning with the sixth decade but the increases are slight in 
comparison with what have been i-egarded as the facts, based 
on a consideration of “chronic cardiac diseases” alone, and 
have tended to mount relatively little since 1910. 

B. The rates in infectious diseases have fallen in every decade (Fig. 5). 

G. 1. — If the rates in the two gToups (circulatory and infectious) are 
added (Figs. 5, 6, and 7), the death rate tends to attain equi- 
libi’ium. 



Figr. 8. — The plan of the curves describing the course of the death rates resembles 
Figs. 3, 4 and 5. It deals with the same rubrics A, B, C, D, E, but analyzes the data 
in a single decade only, from 1920 to 1930. The influence of the rates of tho diseases 
of the coronary arteries is exhibited. 

2. — In point of fact the decrease in infectious diseases is of sucli 
importance in the sixtii decade that the combined rate lias 
continued to fall, but is in the seventh decade almost un- 
changed (Fig. 6). Only in the eighth and ninth decades has 
the rate of circulatoiy diseases risen enough to elevate the 
combined rate. 

3- — The fall in the total death rate observable in all decades is due 
to the fall in the rates in the infectious diseases. It is of great 
importance to point out that the saving from infectious dis- 
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eases is clue not to saving in the eaiij'" decades (though this is 
IDOSsible) for no evidence that this is so is available, but due to 
saving in these later decades themselves.* 

D. A consequence of this analysis is that belief in the theory that 
“sti’ess and strain” of life accounts for increase in the death rate 
of the cardiac diseases is unneeessaiy. The current state of affairs 
is due not to malign hut to beneficent influences. 

E. A detailed study of the rates fom 1920 to 1930 (Fig. 8) shows that 
in A (chronic cardiac diseases) the rate rose beginning with the 
fifth decade. Excluding diseases of the coronary arteries the rate 
in B (diseases of the arteries) scarcely changed except in the third 
and fifth decades. In C (chronic nephritis), D (cerebral hemor- 
rhage and softening of the brain), and B (senility) the rates fell. 

CONCLUSIONS 

1. The death rate from eii'culatorj’- diseases has risen. It has not 
been great, though “great” is a relative term, and recently the in- 
crease has become ever slighter. 

2. Misinterpretation of the course of events has resulted largely 
from changes in the entries in those diagnostic rubrics which have 
been predominantly employed. 

3. The rise in the rate in the circulatory diseases, relatively small 
though it is, depends largely on the fall in the rate in infectious dis- 
eases — not that, as has often been supposed, in early life but the fall 
in those yery decades in which a rise in the circulatory group has 
taken place. 
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*That the slope in the curves T continues to fall in every decade suggests either that 
the movements in the various causes of mortality have not come to an end or that the 
vital statistics themselves are incompletely descriptive of the facts. 


UNUSUAL SINUS TACHYCARDIA WITH OBSERVATIONS ON 

VAGAL ACTIVITY 

Direct Electrical Stimulation op the Vagus Nerves in j\Ian* 

Henrt Field, Jr., M.D., Paul S. Barker, M.D., and 
John Alexander, jM.D. 

Ann Arbor, Mich. 

T he ease herein reported presents a number of unusual and inter- 
esting’ features. There was a remarkablv rapid sinus tachycardia 
— 200 per minute and more. There was advanced cardiac failure 
which was apparently due to the rapid heart rate alone. A mistakeu 
original diagnosis led to the procedure of surgical exposui’e and direct 
electrical stimulation of the vagus nerves Avhereby there was demon- 
strated a failure of vagus control of the heart. We know of no re- 
ported case comparable in any of these respects. 

CASE REPORT 

The patient was a male clerk, forty years of age, weighing 55 kilograms, who 
was admitted to the hospital April 4, 1931. He had enjoyed good health until 
three weeks prior to admission rvhen he first noticed palpitation, dyspnea, and 
weakness. The symptoms began suddenly and became increasingly severe so that 
in five days he discontinued his work and two days later went to bed. 

Physical examination revealed the findings of severe congestive heart failure. 
There was orthopnea, cyanosis, distention of the neck veins, a large right hydro- 
thorax and a large tender liver. There was no demonstrable peripheral edema. 
The heart was apparently enlarged and displaced to the left. The heart rate was 
about 200 per minute; the rhythm was regular; the sounds were loud and ringing; 
no murmui-s were heard. The blood pressure was 110/95. 

The Halm reaction was negative. Repeated urinalyses were negative. The 
hemoglobin was 95 per cent (Sahli) and red blood colls were 5,400,000 per cu. mm., 
with slight variations in subsequent determinations. The white blood cells ranged 
from 8,200 to 10,700 per cu. mm., except for a leucocytosis of 17,400 on the eight- 
eenth day in tlio hospital which followed an attack of severe, cramp-like abdominal 
pain of unknown origin and which promptly subsided. The basal metabolic rate, 
detemiined later when it became practicable, was minus 1 per cent. 

TelerocntgenogTaphic measurements of the heart size on admission, during con- 
valescence and after two years of observation are tabulated in Table I. The cal- 
culations are based on the prediction tables of P. C. Hodges and Eysten and of 
F. .T. Hodges and Eyster.^ 

An electrocardiogram showed a tachycardia with a rate of 203 per minute. 
Ventricular complexes were of normal outline. The auricular complexes were par- 
tially fused with the T-waves. The cardiac rate and rhytlmi were not influenced 
by pressure upon the carotids or the eyes, and a diagnosis of paroxj-smal tachy- 
cardia of supraventricular origin was made. 

•Fi-om the Departments of Internal Medicine and Surprerj-. University of Jllchlfian. 
Read before tlie American Society for Clinical Investipration, I^fay 2. 1932. 
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All energetic attempt was made to internipt the supposed paroxysmal tachy- 
cardia. Although the patient had received an unknown amount of digitalis before 
admission, he was given over a period of five days 2.8 grams of this drug — 70 per 
cent more than the cjilculated digitalizing dose. 


Table I 

TELEKOENTOENOtiRAPlIIC DETERMINATIONS OF HEART SIZE 


DATE 

HEART AREA SQ. 

CJI. 

TRANSVERSE DIAMETER MM. 

PREDICTED 

MEASURED 

variation 

PREDICTED 

MEASURED 

variation 

4/ 4/31 


179 

-160.9 


.;i7.5. 

-f39.6 

6/ 7/31 

111.2 

135 

-1-21.4 

125.4 

148. 

1 -fl8.0 

4/19/33 


132 

-f-lS.9 


1 143. 

1 +14.4 


He was also given each day either quinine hydrochloride intravenously (two 
doses of 0.5= gram and 0.G5 gram) or quinidine sulphate orally in increasingly 
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Pig. 1 . 4 ^. April 4, 1931. The three standard leads taken on admission. Extreme 

sinus tachycardia These curves were originally interpreted as indicating paroxysmal 
auricular tacliycardia. B. April 6. 1931. Lead II before and during- pressure upon 
both eyes. No change in rate. C. April 7, 1931. Lead II before and imm^ediately 
following the intravenous injection of 0.65 gram of quinine hydrocliloride. The rate 
fell from 190 to 159 per minute. 


large and frequent doses. The maximum dosage of quinidine sulphate was 3.2 
grams in four doses at hourly intervals. Following the intravenous doses of 
quinine hydrochloride there was a slowing of the heart rate from 190 to 157 and 
159 per minute, respectively, which lasted less than an hour. (Pig. 1.) Following 
the large oral doses of quinidine sulphate there was a comparable reduction in 
heart rate to as low as 144 per minute which lasted for several houis. At vari- 
ous times nausea, vomiting, vertigo, and mental confusion occurred. On April 9, 
0.4 mg. of apomorphine was given without effect other than vomiting. 

None of these measures having produced a lasting effect on the heart rate, the 
condition of the patient became progressively worse. The right chest was aspirated 
three times (on April 4, 5, and 8) and a total of 2500 c.c. of fluid was removed. 
Dyspuea was severe. An abundant, blood-stained, foamy sputum developed. The 
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patient appeared to be moribund. In ivliat seemed to be a last desperate hope of 
restoring normal rhythm, direct stimulation of the vagus nerves was determined 
upon. 

On April 10, 1931, under novocaine anesthesia locallj", the left vagus nerve was 
exposed and isolated 2 cm. below the bifurcation of the common carotid artery. 
It was insulated from the patient’s bodj’’ by loibber dam tissue and then stimu- 



Fig. 2. — April 10, 1931. Lead II. A. Conti-ol. Rate 14G. B. During and im- 
mediate! j' following electrical stimulation of the left vagus nerve. Rate 150. C. Dur- 
ing and immediately following electrical stimulation of the right vagus nerve. Rate 
155. The oscillations caused by the faradic stimulation are plainly visible. In B the 
oscillations were of such large .amplitude .and the movements of the string so rapid 
that they ca.nnot be seen in tlie record. The beginning of the curve marks tlie cessa- 
tion of stimulation. 



Fig. 3. — Lead II. A, April 11, 1931. Curve taken on the day following electrical 
stimulation of the vagi. B. April 14, 1931. Partial A-V heart-block. O. April 21, 
1931. Pressure upon the eyes slowed the auricles but abolished the A-V block. 

lated electrically by faradic current. The current was obtained from an ordinary 
dry cell and induction coil. At first the nerve was stimulated with a very weak 
current insufiicient to cause contraction of the ribbon muscles of the neck when 
applied directly to them.- When this was without demonstrable effect upon the heart 
rate, the strength of the current was gradually increased. Finally, the nerve was 
stimulated directly with a current of sufficient strength to cause strong, sustained 
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contraction of the neck muscles wlien applied to them. There was, however, no 
effect upon the heart recognizable by examining the patient or demonstrated in 
the electrocardiogram whicli was taken .during the entire procedure (Fig. 2). The 
weaker stimulation caused pain in the neck and throat and spasmodic coughing; the 
stronger current caused spasmodic arrest of respiration. There were no other 
demonstrable changes in the patient. The right vagus nerve was then similarly 
exposed, isolated, and stimulated, with exactly the same results, positive and nega- 
tive, as had been obtained with the left (Fig. 2). At the completion of the 
operation the patient ’s condition appeared in no way worse than at the beginning. 

Following the operation the administration of digitalis in amounts approaching 
the limit of tolerance was continued. The usual daily dose was 0.4 gram and the 
average daily dose for five months was 0.38 gram. For two weeks 0.4 gram of 
quinidine sulphate was given by mouth every eight hours. 

No effect was apparent at first except that the heart became somewhat slower 
(Fig. 3, A). The condition of the patient remained very precarious. On the fourth 
day after the operation (April 14) partial A-V block appeared and soon became 
a nearly constant 2:1 block (Fig. 3, B). With a slower ventricular rate the patient 
began to improve and bj' the end of another week the signs of cardiac failure had 




Pigr. 4. — Lead 11. April 27, 1931. Atropine increased tlie auricular rate and reduced 

the A-V block. 


cleared. The 2:1 block remained nearly constant for three weeks, during the latter 
part of which there was a gradual slowing of the auricles. For another week 
there was a further slowing of the auricular rate with only partial A-V block. Then 
on May 11, one month after the operation, there was 1:1 response with a rate of 
121 per minute. Further reductions in the heart rate and the development of a 
marked sinus arrhythmia are shown in the electrocardiograms in Fig. 5. 

Other interesting electrocardiographic observations on the vagus activity were 
made during this period of recovery. On April 21, following strong pressure on 
both eyes the auricular rate slowed from 185 to 156 per minute, the A-V block 
was abolished, and the ventricular rate increased from 92.5 to 156 per minute 
(Fig. 3, C). On April 27, atropine sulphate (two doses of 0.5 mg. each, sub- 
cutaneously, one half hour apart) increased the auricular rate from 206 to 224 per 
minute and also reduced the degree of A-V block so that the ventricular rate in- 
creased from 103 to 132 per minute (Fig. 4). 

The patient has been under observation now for over two years. Bather large 
doses of digitalis were required at first, to keep the heart rate below 100 per min- 
ute (0.4 gram daily for three months after his discharge from the hospital on 
June, then 0.2 gram daily for five months). Digitalis has been discontinued twice 
for periods of five and four months, respectively, during which times the pulse 
rate remained approximately normal. Each time a recurrence of tachycardia which 
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was markedly exaggerated by mild exercise (up to 200 per minute) has been con- 
trolled by 0.15 gram of digitalis daily. Eepeated examinations have failed to 
reveal any evidence of heart disease except the slight residual enhirgement noted 
in Table I. 

COMMENT 

Because of tlie gradual slowing of the auricular rate during the 
second month of observation and tlie constancy in the form of the 
P-wave throughout, we believe that Ave Avere dealing Avith sinus tachy- 
cardia from the first and that the patient did not haA^e paroxj’’smal 
auricular tachj'cardia. The rate of over 200 is unusual and is ascribed 
to transient and complete A'agal paral3^sis. The severe congestive heart 



Fig. 5. — Lead II. Curves taken between May 11 and December IG, 1931._ The 
auricles slowed gradually and the block disappeared. The sinus arrhythmia is evi- 
dence of more than ordinary vagus action upon the heart. Attention is directed to 
the uniformity in the contour of P. in all figures, indicating that the tachycardia was 
in reality an extreme sinus tachj’cardia. 

failure Avhich was observed seems to liaA'e been due to the rapid heart 
rate. It Avas relieA^ed Av^hen a sloAver A’-entricular rate due to 2:1 block 
Avas established. There was no eAudence at the time of admission, or 
in subsequent obsei’Amtions, of any other cause of heart failure, and 
the patient after more than tAvo years has no symptoms Atdiile taking 
0.15 gram of poAvdered digitalis leaA^es daily. 

Failure of vagus action upon the heart Aims demonstrated, not only 
by the absence of the usual Amgus reflexes, but also by the lack of 
effect upon the heart of strong faradie stimulation of the exposed 
Amgus nerv^es. Subsequent obserAmtions demonstrated the gradual re- 
turn of A^agus activity. 
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The observations of April 21, 1931 (Fig. 3), when ocular pressure 
slowed the auricular i*ate and at the same time abolished the 2:1 block 
and increased the ventricular rate, are of interest. There was then a 
vag’us influence on heart rate but no evident influence on A-V conduc- 
tion. If there was any vagus inhibition of conduction, it was so slight 
that the slower beating auricles could break through the 2 :1 block in 
spite of it. It would seem that the block had been maintained largely 
by the direct action of digitalis and quinidine upon the junctional 
tissues. 

On Apiil 27, 1931 (Fig. 4), a return of vagus influence on conduction 
was demonstrated. On this date the administration of atropine, not 
only increased the auricular rate, but also reduced the degree of block. 

The curves taken between May 11, 1931, and December 16, 1931 
(Fig. 5), show a gradual slowing of the auricular rate which is pre- 
sumed to be due to returning vagus aetivit 3 ^ The sinus arrhythmia 
of Maj^ 20, 1931 (Fig. 5), is an indication of quite pronounced vagus 
tone. The shifting pacemaker obseiwed on June 24, 1931 (Fig. 5), 
maj’’ also be attributed to vagus aetivit 3 ^ 

SUMMARY 

An extreme tachycardia, thought at first to be paroxysmal auricular 
tach^^’cardia, persisted for four weeks and led to advanced congestive 
cardiac failure in an othenvise healthy man forty years of age. After 
the usual methods of interrupting an attack of paroxysmal tachy- 
cardia had failed, an attempt was made to terminate the rapid heart 
action bj'' exposing the vagus nerves in the neck and stimulating them 
electrically. There was, however, no demonstrable effect upon the 
heart. Subsequently, partial heart-block, due to digitalis, resulted 
in slowing of the ventricles and was followed by improvement. Even- 
tually, the auricles gradually slowed, the heart-block disappeared, the 
cardiac response to vagal activity returned, and the patient recovered. 
This course of events strongly suggests that the tachycardia was in 
reality an extreme sinus tachycardia due to failure of vagus inliibition. 

The authors gratefully acknowledge the assistance of Dr. P. N. Wilson and Dr. 
A. Gr. Macleod in the electrocardiographic studies’. 
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CONGENITAL COI^IPLETE IIEAET-BLOCK* 

Ax Accouxt or Eianx Casks 
]\rAt;Kici; CAMi’iiKiAi, I^I.D.. F.ILG.P. 

AXD 

S. S. SUZMAX, I\I.P.O.P. 

Loxdox, Exgkaxd 

C ONGENITAL conijiletc lioart-l)lock is such an uncoinnion condition 
that an account of the following 8 eases and of one specimen from 
the Guy'S Hospital IMuscum is of interest. In a recent review by Yatcr-'* 
only 30 of the published eases Avere accejbed as congenital heart-block. 
He rejected 31 others for lack of sufficient evidence, cither owing to the 
absence of graphic records or because there was a history of some infec- 
tion Avhich might possibly have l)ccn the cause of the block. Probably 
many of those Averc genuine ca.ses, but oven accepting them all, the num- 
ber reported has not been very great, 

"We believe the condition to be more common than Avould appear from 
these figures, for avc have seen 8 cases in the last six years. It is not 
difficult for some of them to be mi.sscd because the .symptoms arc gener- 
ally slight, and the heart rate is faster than in other types of complete 
block, and the signs of morbus eaenilcus arc generally absent. If a sIoav 
pulse is found in a young man aa'Iio is an athlete, it is generally sinus 
bradycardia. But if a sIoav pulse is found in a child, the possibility of 
complete heart-block must be remembered, and if it is present and 
persists, it is likely to be congenital, for infection plays a less important 
role in its production than is sometimes supposed. 

Diphtheria is one of the commonest causes of temporary heart-block, 
AA'hich, as a rule, does not last more tlian a short time: aa’Iicia diphtheria 
produces a sufficiently scA'cre myocai’ditis A\-ith heart-block, the symptoms 
are so serious that they arc not likely to be missed in determining the 
cause of heart-block some years later. In a series of 100 cases all 
folloAvmd for more than fiAm years by Jones and White^^ no example of 
heart-block Avas found to persist, and in another series of 100 Alstcad^ 
mentions only one, described fully elscAAdiero by himself and Chamber- 
lain,® where permanent heart-block resulted. Wilkinson®® has not seen 
persistent heart-block in the diphtheritic cases he has studied at Birming- 
ham, and Place’s experience is the same.®^ 

Alstead comments on the curious fact that though temporary complete 
heart-block is not uncommon in diphtheria, anj^ prolongation of the P-B 
interval above 0.2 sec. is rarely found Avithout actual A-V dissociation. 

•From the Cardiographlc Department of Guy’s Hospital and the National Hospital 
for Diseases of the Heart, London. 
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On the other hand, in rheumatic carditis prolongation of the P-R 
interval is common, hut A-V dissociation is rare. We have seen only 
two examples of complete heart-block due to rheumatism; one has been 
fully reported® and both have made a complete recovery, the P-R 
interval returning to normal. But we have observed a girl with mitral 
stenosis, whose P-R interval has been regularlj’' 0.3 see. for three years 
and no dropped beat has been noted clinically or in frequent electro- 
cardiograms, though she has been in the hospital twice for considerable 
periods and has been treated successful^’' with digitalis (up to dig. fob 
gr. 3 daily) for a year. 

Rheumatic fever and diphtheria only occasionally cause persistent 
complete heart-block, and other infectious diseases still more rarely. 
During the same period (1926-1932) we have seen feiv other examples 
of complete heart-block in patients under twenty-five; one may have 
been syphilitic, for, though her Wassermann reaction was negative, her 
father had died of general paralysis; the heart-block had not been 
noticed two years before when she had scarlet fever ; so it is possible that 
the block was caused by this infection. We have no other case in which 
complete heart-block appeared to follow scarlet fever, and this is also 
the experience of Place.-^ 

The congenital malformation most often found with heart-block is a 
patent interventricular septum, as shown by a systolic murmur loudest 
to the left of the sternum. Stokes- Adams attacks are not common, but 
their occurrence in infancy should be regarded as good evidence of heart- 
block being congenital if the graphic records are obtained only j’-ears 
later. 

The main criteria that heart-block is congenital are: 

1. A slow pulse rate at an early age. 

2. Signs of congenital morbus cordis, which add considerable weight. 

3. The absence of any history of infection; this is additional evidence, 

but is less important if the first two conditions are present. 

4. Syncopal attacks in early childhood or infancy ; these would be very 

suggestive, though such a history is not common. 

We have used these criteria in diagnosing our 8 cases as of congenital 
origin. Four were male and 4 were female. In all of these 8 patients 
complete heart-block was confii’med by the electrocardiogram. So far as 
we know the block always remained complete; at times short records 
were obtained which might have been 2:1 block, but it seemed more 
likely that these were due to the auricle being about twice as fast as the 
ventricle, for we never obtained any evidence of a sudden change (Pig. 
9, Lead II and Pig. 15, Lead III). At times in some eases the heart 
rate was faster because of frequent extrasystoles, sometimes even pro- 
ducing pulsus bigeminus (Pig. 4 Lead I). 

The average age at which the slmv pulse rate was first observed in 
our cases was 3.75 years: the youngest was seven months and the 
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oldest thirteen years, but he Avas the only one Avho passed his fifth year 
Avithout attention being draAvn to his heart. 

The average age at Avhich they first came under our observation and 
had electrocardiograms taken Avas 12.6 years. One Avas eighteen months, 
one Avas tAventy-seven years, but most of them Avere about tAvelve years 
old. 

All the patients are still in good health except one (Case 6), Avho died 
Avhen six years old. Tavo patients (Cases 4 and 5) live too far aAvay to 
return to the hospital but have replied fully to our enquiries, and all 
the others have been reexamined this year. Their ages are noAV thirty- 
three, tAventy-one, nineteen, seventeen, sixteen, thirteen, and three years. 
Case 2 Avas fully examined AAdien tAvelve years old and again AAdien 
nineteen. 


^ 















Pig. 1. — Electrocardiogram, Case 1. Complete heart-block; ventricle 75, Lead I; 65, 
Lead III; auricle, 142. Time marker in this and all other electrocardiograms one- 
flfth sec. 


The first criterion of a sIoaa^ pulse at an early age Avas therefore fairly 
AA^ell satisfied, though curiously enough this Avas never noted during the 
first fcAv Aveeks of life. As regards the second, there Avere physical signs 
in all 8 cases to suggest congenital heart disease, generally a defect of 
the interventricular septum. None had morbus eaeruleus and only one 
Avas diagnosed patent ductus arteriosus and pulmonary stenosis. The 
third criterion of the absence of infections Avhich might have caused the 
heart-block Avas generally observed, and none gave a history of previous 
diphtheria or rheumatism. Case 6 had acute rheumatism, but this Avas 
tAvo years after the heart-block had been diagnosed, and there Avas noth- 
ing to suggest an earlier rheumatic carditis. Stokes-Adams attacks oc- 
curred in Case 4 only. The full notes of our 8 cases folloAV, and certain 
details are summarized in Table I. 




308 


THE AMERICAN HEART JOURNAL 


CASE NOTES 

Case 1. — Congenital complete heart-block, patent ductus arteriosus, with some 
degree of pulmonary stenosis. A slow lieart rate and a loud systolic murmur were 
first noticed when patient was seven months old. ^Vhen eighteen months old, she 
was sent to the Heart Hospital from the Infants Hospital, Vincent Square. During 
five weeks in the hospital her pulse rate had generally been between 50 and 60: 
as a rule, there had been no symptoms and she had appeared well, but in one or 
two attacks, perhaps brought on by coughing, her lieart rate had risen to 80 and 
she had been rather cyanosed. 



Fig-. 2. — Orthodiagram, Case 1. Maximum transverse diameter 9.7 cm. (3.3 Plus 6.4) 
in a chest of 15 cm. Scale reduced to one-quarter. 



Pig. 3. — Electrocardiogram, Case 2, on 5, iii, 26. Heart-block probabb- complete: 
auricle 136 ; ventricle 66, or 44 with pulsus bigeminus. Another electrocardiogram 
of the same date showed no extrasystoles and definite complete heart-bloclc : auricle 
116, ventricle 64. 

The confinement had been normal. There was no history of any infectious dis- 
ease. The child appeared normal except for being rather undersized. There was 
no cyanosis and no clubbing of the fingers. The heart rate after resting was 52; 
there was complete heart-block. (Dig. 1.) The heart was enlarged to the left, 
with a forcible apex beat. There was a rougli sj-stolic murmur and a thrill, loudest 
over the pulmonary area. X-ray films confirmed the enlargement to the left and 
showed some increase to the right also. 

When three years old, she was an intelligent child and the picture of health 
after sunlight treatment. There had been no more attacks of any sort, but she was 
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not yet able to walk. There was no cyanosis or clubbing of the fingers. The 
heart rate was 60 and the heart-block was complete, as it had been every time she 
was seen. 

The heart had increased in size since her first examination, and an orthodiagram 
is shown in Fig. 2 (maximum transverse diameter 9.7 cm. in a chest of 15 cm.). 
The rough systolic murmur and thrill were most obvious further to the left in the 
second space, and a diastolic murmur and thrill were present, so that a diagnosis of 
patent ductus arteriosus could be made. In view of the enlargement of the heart. 



PiiT. 4.-— Electrocardiosrain. Case 2. on 21. xii, 32. Complete heart-block: ventricle 
49, Leads 11 and III ; 33 with pulsus bigeminus on Lead I ; auricle 104. 



Pig. 5. Orthodiagram, Case 2. Maximum transverse diameter 12.7 cn 
S.5) in a c..est of 22.8 cm. Scale reduced to one-quarter. 


(4.2 plus 


especially to the right, it appeared that there was also some pulmonary stenosis 
or a large defect of the interventricular septum. 


Case 2. Congenital complete heart-block and patent interventricular septum. 
At the age of one year congenital heart disease with a slow pulse was diagnosed 
at a welfare clinic. When twelve years old the patient was first seen at the Heart 
ospital. There was no history of rheumatism or any other infections. She looked 
well and the only symptom complained of was slight breathlessness on exertion, 
but she had never been allowed to do much in the way of exercise. The apex 
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beat was beyojid tbe nipple line, diffuse and forcible. There was a systolic murmur 
loudest over the pulmonary area and also heard at the apex. No thrill was felt. 
The heart rate was 64 to 84, this higher figure being due to frequent coupled extra- 
systoles and complete heart-block (Fig. 3, Lead I). 

Seven years later, at the age of nineteen, she looked remarkably healthy. She 
was working as a shorthand typist, and had kept very well. Slie walked a good 
deal, and the only complaint was some dyspnea on running. There was no cyanosis 
and no clubbing of the fingers. 

At first the heart was 52 with some coupling, settling down to 4G with less 
coupling. The electrocardiogram showed complete heart-block, often with much 
coupling (Fig. 4, Lead I) ; there was no obvious change with deep breathing. The 
apex beat was forcible and beyond the nipple line, and pulsation was felt above 
the right clavicle and over the pulmonary area. There M’as a fairly harsh systolic 
murmur loudest over the pulmonary area and conducted to the apex. The pulmonary 
second sound was accentuated, and an auricular third sound was often heard. No 
thrill was felt. X-ray films showed enlargement to the left and right, with a wide 



Pig-. 6. — Electrocardiogram, Case 3. Complete heart-block : ventricle 43 : auricle 61. 


pedicle (maximum transverse diameter 12.7 cm. in a chest of 22.8 cm.) (Fig. 5). 
The conus and pulmonary artery and the aorta were prominent and showed vigorous 
pulsation. Blood pressure was 100/80. The pulse after exercise rose to 19 in the 
first quarter minute, dropping to 48 per minute after one minute, thus illustrating the 
rapid drop to normal. 

Seven years after her first electrocardiogram at the hospital and eighteen years 
after the first observation of her slow pulse, this girl was in good health and almost 
without sj'mptoms. At sight she would have been taken for a very fit, normal girl. 

Case 3. — Congenital complete heart-block -with slight patent interventricular 
septum. This patient's heart was noticed to be slow at the age of two, w'hen the 
doctor attended him for bronchitis, and again at the age of three when he had 
measles. These had been his only illnesses. At six years old, at a routine school 
examination, a heart murmur was also recorded. He was sent to the Heart Hospital 
when trvelve years old by Dr. J. E. B. Hern; hitherto he had not been allowed to 
play games at school, but had led a normal life otherwise. 

He %vas a healthj' looking boy with no signs of morbus caeruleus. The heart rate 
varied between 44 and 48 and occasionally 52: it was regular except for an occa- 
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sional extrasyslole. The eioctrocardiogram (T’ig- 6) confirmed complete heart-block. 
The apex beat was forcible and in the nipple line. An x-ray examination confirmed 
slight enlargement of the heart to the left (mhximum transverse diameter 10.9 cm. 
in a chest of 20.4 cm.), with a blunt tipped left ventricle: pulsation was well 
marked in the aorta and in the pulmonary artery, and this was a little fuller than 
usual. (Eig. 7.) There was a fairly harsh systolic murmur, heard rather widely 
and best over the preeordium. The pulmonary second sound was accentuated and 
at times reduplicated. No thrill was felt. Blood pressure was 120/65. He was 
seen again four months later rvhen his condition was unchanged. He had been 
very liberal in interpreting his permission to take more exercise and had been 
playing football at school with pleasure and without ill result. It was felt wiser, 
however, to forbid this until he had been seen for a longer time and his exercise 
increased more gradually. After another four months he was getting on well and 
still anxious to be allowed to play all games at school. 

Case 4. — Congenital complete heart-block with some patency of the interventricular 
septum. He was the only patient in this series with Stokes-Adams attacks. At the 
age of two years he was playing on the sands when he had a fit in which he vrent 



Fig. 7. — Orthodiagram, Case 3. Maximum transverse diameter 10.9 cm. (2.7 plus 
8.2) in a chest of 20.4 cm. Scale reduced to one-quarter. 

stiff and blue. Hor two years he had these attacks rather frequently, sometimes 
as many as three a week, but othertvise remained quite well. Unfortunately the 
doctor who attended him then is dead, but the patient’s mother remembers his saying 
it was due to his heart which was always slow; i.e., in between the attacks when he 
appeared quite well. 

During the next eight years he was much better and had only four attacks. His 
mother described the last one as follows: After a sudden groan he went uncon- 
scious; he was stiff and blue with no movements of any sort; she thought that he 
was unconscious for twenty minutes; afterward he apparently recovered very 
quickly. Except for these attacks he had no complaints. There was no history of 
rheumatism or of any infectious diseases. He was sent to Guy’s Hospital by Dr. 
C. A. Hicks, when twelve years old. 

He appeared to be a healthy boy. His heart rate at rest was generally about 42, 
with at times fairly frequent extrasystoles; and an electrocardiogram (Eig. 8) 
confirmed complete heart-block. The heart was sliglitly, if at all, enlarged (no 
x-ray examination was made). There was a systolic murmur best heard in the 
fourth, fifth, and sixth spaces to the left of the stenium. No thrill %vas recorded. 
Blood pressure was 120/45. 
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Because of the distance from J^ondou it Jias not been possible to got liiui up 
to the iiospital again, but Jie iias roinaiiied -well, leading a normal life with no more 
attacks. He is now sixteen rears old. and his heart rate remains slow. 

Case 5. — Congenital complete heart-block, and patent interventricular septum. 
Her slow pulse Avas first noted bj- her doctor when, she was two years old. She at- 
tended the Heart Hospital under the care of Hr. rarkinson when twenty-seven years 
old^ Until a year before she had always been very fit ajid had been able to cycle 



Fig. 8. — Electrocardiogr.nm. Case -1. Complete heart-block: ventricle 50, or 35 AA'itli 
pulsus bigeminus; auricle 1-11. The r-Avavos A\-cro largo in all the electrocardiograms 
taken in 1929, but be has not had one tJiUen since. 



Fig. 9. — Electrocardiogram, Case 5. Complete heart-block : ventricle 52 ; auricle 
113. SloAv pulse AA'as noticed at age of two j-eai's; patient is now thirty-three year's 
old. In Lead II the degree of block is pi'obably complete though the A'ontrlcular is 
nearly half the auricular rate, 

forty miles in a day. Eecently, she had been coughing and had become a little 
tired and short of breath, and had also lost some Aveight. She gaA’e no history of 
rheumatic fever. 

She looked Avell, AA-ith no signs of morbus caeruleus. Her imlse rate Avas betAveen 
46 and 50, and there Avas complete heart-block. (Fig. 9.) The heart Avas a little 
enlarged to the left, and the conus shOAved rather jArominent pulsation. There was 
a systolic murmur at the apex AA-ithout any thrill. Blood pressure was 190/90, No 
evidence of tuberculosis was found. She attended tlie hospital for about six months. 
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Now, six years later, at the age of thirty-three, she is keeping in good health, 
able to do ordinary housework on a farm, and to walk two miles a day. It has not 
been possible to examine her again, but the pulse rate is still slow. 

Case 6 . — Congenital morbus cordis Avith complete heart-block. Death from 
rheumatic carditis. Patient Avas admitted to the Heart Hospital under Doctor 
Parkinson from the PeA'er Hospital when four years old. A sIoav pulse of 42 had 
been noticed before his attack of scarlet fever, and during the pyrexial phase it 
had been only 52. There was no history of rheumatism or of other illnesses. 

His appearance was that of a healthy boy, and there Avere no outward signs of 
congenital heart disease, and no cardiac symptoms. There Avas complete heart-block 
and the rate varied between 32 and 48 (Pig. 10) ; on one occasion this faster rate 
was produced by atropine, but at other times it Avas as fast as this spontaneously. 
The heart was enlarged to the left; there was a forcible apex beat and a loud 
systolic murmur chiefly at the apex. There Avas no thrill. Blood pressure Avas 
140/65. 



Pi&. 10. — Electrocarcliogram. Case 6. Complete heart-block: ventricle 39; auricle 88. 


He progressed fairly Avell for eighteen months, his heart rate being from 45 to 
50. He Avas then admitted to the University College Hospital Avith pyrexia and pain- 
ful and SAvollen joints, and his condition Avas diagnosed as congenital heart disease 
Avith subsequent rheumatic complications. Complete heart-block Avas again con- 
firmed. There was no evidence of infective endocarditis. He died after two Aveeks, 
but, unfortunately, an autopsy was refused. 

Case 7. Complete congenital heart-block with patent interventricular septum. 
This patient had been told that her heart Avas affected and that she had a slow 
pulse Avhen five years old. There Avas no history of rheumatic fever or of any in- 
fectious diseases. She Avas sent to the Heart Hospital by Dr. Baron when she was 
tAventy, complaining of feeling tired and of attacks of giddiness and faintness during 
the last feAV months. These had been occurring about once a month and sometimes 
she had lost consciousness. She had not been alloAved to play games at school and 
Avas somcAA’liat breathless on any special exertion. She Avas leading a normal life, 
Avorking as a hair-dresser. 

She appeared to be a healthy girl, AA'ith no signs of morbus caeruleus. Her heart 
rate was regular at 52, falling to 44 after she had been resting. An electro- 
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cardiograjii confirmed tlie diagnosis of coniijlete heart-block (Pig. 11). With exer- 
cise the heart quickened, being at tlie rate of CO in the first quarter minute after- 
ward. 

The apex beat was forcible and just outside the nijiple line. Prom time to time 
it was specially forcible and at the same time the carotid pulsation was increased. 
X-ray films confirmed slight enlargement to the left (maximum transverse diameter 
11.7 cm. in a chest of 23.2 cm.; Pig. 12). The conus was prominent, and this and 



Fig. 11. — Electrocardiogram, Case 7. Complete heart-bloclt : ventricle IG, auricle 100. 




Fig. 12. — Orthodiagrani, Case 7. Maximum transverse diameter 11.7 cm. (2.9 plus 
8.8) in a chest 23.2 cm. Scale reduced to one-quarter. 

the aortic knob and the heart itself showed vary vigorous pulsation. There was a 
systolic murmur best heard inside the apex, and a systolic thrill in the same site. 
Auricular sounds were frequently heard. Blood pressure was 160/80. 

The attacks of faintness and giddiness were regarded as ordinary faints and not 
as Stokes-Adams attacks, and this was confirmed by their disappearance with treat- 
ment — an iron tonic and reassurance. — and by their occurrence under emotional 
stress. On two occasions when a period of faintness was observed, the pulse rate 
rose to 60 and was of poor volume; she was not unconscious, and as she recovered, 
the volume of the pulse improved and the rate fell to 44. 
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Slie has now been under observation for two years and has lost most of her 
symptoms and returned to work. Most often her heart rate on arrival in the room 
has been about 52, falling after she has been sitting for some minutes to 44 or 46. 
Sometimes it was 54 or 56, and did not always show much tendency to settle quickly 
to the slow rate. 

Case 8. — Congenital complete heart-block; slight patent interventricular septum. 
This patient was first told he had heart disease bj' the school doctor when he was 
thirteen years old, and was sent to Guy ’s Hospital. He gave no history of rheumatic 
fever or of diphtheria. He complained of no s 3 ’mptoms but was small for his age. 

His heart rate was 54 and regular, with complete heart-block (Pig. 13). He had 
a systolic murmur beat heard in the pulmonary area and conducted to the apex. 
No thrill was felt. His heart was enlarged to the left, and the apex beat was 
forcible. Blood pressure was 130/70. His pulse rose to 63 after exercise. 

When seen two j’ears later, his heart rate was 52, rising to 60 after exercise. 
After another two years, when he was seventeen, lie felt well and was working in a 
bottling factory. He was still small, but complained of nothing except that he was 
rather short of breath when plaj’ing footfall. The heart rate was 44 and fell to 
40 after resting. The physical signs were unchanged. X-ray films confirmed the 
enlargement of the heart, mainly to the left (Pig. 14). 

THE HEART RATE AT REST 

The rate at rest generally varied between 42 and 56 and the average 
was 50. It may be because of this relatively fast rate that the diagnosis 
is not made more frequently. It was unusual to find a rate under 40, 
though Fig. 6 shows a rate of 38. Table II shows the slowest ventricular 
rate observed in our 8 and in 38 of the 45 collected eases ; in the remain- 
ing 7 the block was not complete. In addition to the 30 eases collected 
by Yater^® and our own 8, single eases have been reported bj’’ Anderson^ 
Koenen,^^ Brandenberg,® Godfrey and Palmer,^® Leech, Nicholson,^® 
Selar,®® Sprague and White, and Wood and Eogers.®® Recently 
Aitken^ reported two eases of her own and added one reported by 
Calandre’’ and two reported by Aylward,® where an electrocardiogram has 
since been obtained. This with the specimen of Moxon^® makes a total 
of 53 cases and these are the ones inferred to subsequently as collected 
cases. 


Table II 

Slowest Ventricular Bate in Congenital Complete Heart-Block 


Ventricular rate | 

1 20-29 

; 30-39 

1 40-44 

45-49 

50-54 

55-59 1 

60 and over 

Number of cases | 

1 2 

1 S 

I 15 

12 

5 

3 1 

4 


The rate may be much faster than this; most of our patients at times 
had rates of over 50 when at rest. A ventricular rate of 75 was recorded 
in an infant (Lead I Pig. 1) ; and a rate of 64 was recorded in Case 2 
when the patient was twelve years old. Paster rates were noted after 
exercise. Although this is such a contrast to the rates found in elderly 
patients with degenerative changes and complete heart-block, it is not 
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confined to the congenital group, for sometimes rates much faster than 
these have been observed in complete heart-block during diphtheria. 

The auricular rate was also rather fast, averaging 107 ; in four patients 
it was never noted under 100, hut possibly it would have been if they 
had rested longer before the electrocardiograms were taken. 

The Blood Pressure . — In the three elder patients this was higher than 
might be expected — ^160/80, 190/90, and 150/90 at ages nineteen, twenty- 
seven, and twenty-one, respectively (Cases 2, 5, and 7). In the re- 
mainder the figures were normal (Table I). There was no renal disease 
and no evidence of any arterial change, and probably the rise is a re- 
action to maintain a normal pressure during the prolonged diastolic 
period. 

THE EFFECT OF EXERCISE ON THE HEART RATE 

The ventricular rate generally returns to its normal rather quickly 
after exercise. It is therefore easy to miss the maximum rise, which may 
be quite high if the rate is taken for a short period, such as fifteen 
seconds. The results in four patients are shown in Table III. Except in 
Case 2 the fall was so rapid that the rise for a whole minute was not 
much, though the increase during the first fifteen seconds was con- 
siderable, all rising to 60 or over. Aitkeiri mentions rates of 57 and 58 
in her two cases, and Fleming and Stevenson^’^ also noted a rise from 49 
to 68 after exercise. 


Table III 

Pulse Eate After Exercise 


AT REST 

AFTER EXERCISE 

( 

1 

QUARTER 
2 1 

MINUTE 
3 j 

4 

FIRST 

MINUTE 

Case 2 

(a) 

46 

17 

15 

13 

12 

57 


(b) 

46 

19 

15 1 

13 

12 

59* 

Case 3 

(a) 

48 

14 

13 

12 

12 

51 


(b) 

46 

15 

13 

12 

12 

52* 

Case 7 


48 

15 

14 

12 

11 

52 

Case 8 


56 

16 

16 

16 

15 

63* 


‘Three minute exercise ; others were for shorter periods. 


In Case 3 this was confirmed by taking an electrocardiogram as soon 
as possible, and then, though a rather longer interval elapsed while the 
patient was lying down and the instrument being adjusted, a ventricular 
rate of 56 Avas recorded, where it had been 46 just before. On this 
occasion the auricular rate could also be measured, and it ivas 97 instead 
of his usual 60 to 68 ; i.e., the auricular rate had increased just as much 
as one Avould expect after exercise in a normal person, and the ventricu- 
lar rate had increased, though not to the same extent. It seems most 
lilcelj’" that the chemical changes in the blood, especially die increased 
COo content, are responsible for the increase of rate. 
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In ordinary cases of heart-block the rise in ventricular rale with 
exercise is less than this, but oecasionally it is even more. In one of our 
patients in wiiom llie rate at re.st was generally 42 to 50, it rose to 70 
alter exercise. 

Liijc.straiid and Zander^'" liave investigated one case veiy tiiorouglily, 
and their work is useful in understanding the circulation in lieart-blocU. 
lie was a young man of twentj' who wa.s able to take part in strenuous 
games, and to .sivim ‘'for a.s long a.s he liked.” AYhen three year.s old he 
had pneumonia and was found to have an irregular pulse. After that, 
he was liable to fainting attacks, and when five years old, he was sent to 
the liQspital where he was found to have a ventricular rate of 45 to 50 
and eomplote heart -block. He liad steadily impiwed from then on and 
ha<i lost any tendency to fainting attacks. It is po.s.sible that the block 
was congciutal and not due to his luieumonia. ITis ventricular rate 
increased u}> to over 100 with strenuous exercise. 

The minute volume of his circulation was about normal, but on one 
occasion when the rate was 37 the output per beat was 123 e.c. (i.e., 
minute volume 4.5 liters) compared with a normal when the rale was 70 
with an output per boat of 70 e.c. (i.e., minute volume 4.9 liters), With 
violent exercise the minute volume was increased to 16.4 liters (ventricu- 
lar rate 94 with an output j)er beat of 174 e.c.) : a control taking the 
same exercise increased his minute volume to 19.8 liters (ventricular rate 
140 with an output ])er beat of 140 e.c.). Lundsgaard’* also found the 
output j)e.r beat rai.scd to about 150 e.c. in complete heart-block. Thi-s 
increased output ])cr beat is associated with the forcible beat of the 
ventricle to be seen when many of the.se patients are x-rayed. It ex- 
jilains why they have no undue dyspnea with moderate exertion, in .spite 
of (heir slow heart rate. 

THE Ei-nxn' or ATiiorixi: os the heaut kate 

Isi twt( of our ca.ses obsciwatious were made after injection of atropine. 
In Case 3 1/150 gr. did not increa.se the auricular rate above 70 (thirty- 
live minute.s) or the ventricular above 49 (forty mimiie.s), 60 and 45 
being tlic rates at rest that morjjiug for the juiricic and vontriclc. rc- 
.spcctively. In Case 7 1/150 gr. rabed the auricular rate to 120 from 77 
atid the ventncular rate to 56 from 44 after forty minutes. 

Aisken’ has collected 12 cases in which the effect of atropine was 
observed. Auriculoventricular dissociation wa.s never restored, and .she 
rightly adduee.s this as showing that the vagus is not the cause of the 
Mock. Both auricular and ventricnlar rates v,-ere oonsideraiily incrc.ascd. 
iit four, but in two the attric.lc wa.s fa.ster and the vciilricle was umhauged. 
Atropine was v./thout effcft on either, in the remaining sixj so pf>;si- 
bly the dtex* was insutiicient. In Leech’s case’- the ventrielc 
frt'vm 47 to 79 in {wenty minutes, but generally the greatest cITcel wa.s 
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noted in about thirty-five to forty minutes — 94 from 62, and 83 from 55 
in Aitken’s two eases, and 78 from 56 in one of Fleming’s cases.^’- 

THE EFFECT OP FAINTNESS ON THE HEART RATE 

The main complaint for which one patient (Case 7) came to the 
hospital was faintness, and we were fortunate in observing this twice. 
We had already formed the opinion that the faints were of vagal origin 



Pig. 15. — ^Electrocardiogram, Case 7, just after the onset of faintness, forty min- 
utes after atropine had been given. Lead I; ventricle 53, auricle 107; Lead II: ven- 
tricle 52, auricle 92; Lead III: ventricle 50, auricle 99. 



Pig. 16. — ^Electrocardiogram, Case 7, taken three minutes after Fig. 15, during an 
attack of faintness. Lead II only; ventricle 56 to 51, auricle 112 to 109. 


and not Stokes- Adams attacks, from the general description, from their 
recent onset, and from the effect of emotion. This view was confirmed 
by their disappearance with treatment and by her return to work. 

On one occasion atropine had been injected forty minutes before, and 
no doubt she was tired with repeated examinations and electrocardio- 
giams. Just before Fig. 15 was taken, she complained of “a funny 
feeling in the stomach.” Three minutes later while still sitting in the 
chair she fainted. ’ ’ She was pale and there was no cyanosis. She was 




320 


THK AMERICAN HEART JOURNAL 


not imeoiiscious. Her pulse rate was 60, and no period of a 
slow pulse was noted, although she was under almost continuous observa- 
tion. This is in contrast to the ordinary faint where the weak rapid 
pulse comes later, and where at the beginning the pulse is slow and 
sometimes not quite regular. Fig. 16 was taken during the attack which 
lasted about five minutes. In ten minutes she felt well and was able to 
walk home. The other observed attack was very similar. 

ASSOCIATED CONGENITAL LESIONS 

In most of the reported eases there has been some degree of cardiac 
enlargement, but generally it has been slight or moderate, as was time 
in our 8 cases. It is often easy to say that a patient has congenital 
heart disease but more difficult to decide exactly Avhat the congenital 
abnormality is. None of our S eases had obvious cyanosis or clubbed 
fingers or the complete picture of morbus eaeruleus. All had signs 
which suggested that there was a patent interventricular septum, and 
one patient probably had some degree of pulmonary stenosis. 

This agrees with most other reports of congenital heart-block. Of our 
8 and the 45 collected cases 8 (15 per cent) had ob-vaous cyanosis at rest, 
generally with clubbed fingers ; in these there was gross congenital heart 
disease, most often pulmonary stenosis with other associated lesions. 

Apart from this 15 per cent, another 35 (67 per cent) had signs of a 
patent interventricular septum. In the remainder the signs were too 
slight to make a definite diagnosis, but there were only three or four in 
which the authors found no signs to suggest structural congenital disease 
of slight degree. Among this group A\dth patent interventricular septum 
there were 13 (25 per cent) ■with some degree of cyanosis, though often 
it was only slight or only present on exertion. There were also the 8 
Avilh more obvious cyanosis at rest, but this still leaves more than half 
(60 per cent) in whom no cyanosis was obseiwed. 

CASES 'SVITH POSTJIORTEM EXAMINATION 

We have found published reporls of only thi’ce cases and add a fourth of 
a specimen, so far as we knoAV not published previously. 

I. i\Ioxon’s ease (Guy’s Hospital Museum. Specimen 2317.). — A boy, 
aged two years, with extreme cyanosis and dj\spnea, Avas admitted under 
Dr. Sloxon in 1879. The second sound Avas greatly accentuated in the 
])ulmonary area and the pulse rate AA'as 25 a minute. He Avas apparently 
AA-ell until he aa-rs a year old, AA’hen, after haAdng AA'hooping cough, he 
began to bo cyanosed. This became much AA'orse seven months before 
hi.s admission. He died .suddenly after he had been in the hospital a 
montli. 

Tlie pulmonary artery Avas completely occluded at its origin and AA*as 
only a .small tube up to the. entrance of the patent ductus artcriosas, 
Avhore it became of normal size. There aaos a large opening in the upper 
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part of the interventricular septum, and the right ventricle was greatly 
hypertrophied, the wall being thicker than that of the left. Except for 
the condition of the heart the other viscera were normal. 

The slow pulse and the cyanosis were not noted until after his whoop- 
ing cough, but in view of the condition of the heart it is certain that the 
lesion was congenital and therefore it is probable that the slow pulse 
was also congenital, the illness having made his condition much more 
noticeable. Only one other case has been recorded with such a slow 
pulse rate (D’Espine and Cottin^®), but it is difficult to think of any 
diagnosis but complete heart-block. The earliest generally accepted case 
is that of van den Heuval in 1908.^° 

II. Wilson and Grant’s Case.^’’ — A child of fourteen months Avith 
incomplete heart-block. Examination showed complete stenosis of the 
pulmonary artery Avith a large patent ductus arteriosus and a common 
ventricle Avith only the rudiment of an interventricular septum in the 
form of a rounded muscular prominence on the posterior Avail. His- 
tologically, the auriculoventricular node was Avell developed, and situ- 
ated in the interauricular septum and the central fibrous body. But 
the fibers coming from it Avere interrupted and broken up by the fibrous 
tissue of the central fibrous body. The fibers ultimately reunited, Iioav- 
ever, and divided normally into right and left branches. 

III. Perotti’s ease.^° — A child three days old, in Avhom examination 
shoAved complete absence of the membranous portion of the interven- 
tricular septum. Histologic examination Avas not made. 

IV. Yater’s ease.^® — ^A child a feAV days old, in whom examination 
showed transposition of all the viscera and great A'^essels, except the 
A'^entricles of the heart. The ductus arteriosus Avas patent, and there 
was a patent foramen ovale and a small patency in the interventricular 
septum. The sino-auricular node was found in the Avail of the auricle 
one the left side (structurally this corresponded Avith the right auricle). 
The auriculoventricular node lay against the right side of the central 
fibrous body in the auricle of the right side. The node Avas separated 
into tAVo parts by fibrous tissue from the central fibrous body, thus 
separating the A-V node from the bundle of His. 

PROGNOSIS 

As few of the patients described have been over tAventy years of age 
and as none seems to have been older than our patient (Case 5), it 
might seem that the outlook is good foi’ a time but that foAV survive 
long in adult life. Probably this is incorrect and when patients have 
been folloAved for a longer time they may be found in good health at 
a more advanced age. They may not have been reported at older ages 
because the possibility of the block being congenital has not been con- 
sidered. 
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In some cji^es, especially in patients who have died in tlie fii-st few 
weeks of life, the associated malformation of the heart and not the 
lieart-block was the cause of death. Stokes-Adams attacks increase the 
risk of sudden death, but they are found in a small minority only and 
the risk is less than might be expected. 

Niue of the 53 patients are known to be dead. Pour died in early 
in fa new, probably because of tlie associated congenital malformations. 
Our patient (Case G) died of uifeetive endocarditis, an added complica- 
tion of his congenital heart, and the block was probably without sig- 
nificance. The remaining four died suddenly. The first, whose sister also 
has congenital heart-block, had a patent interventricular septum and 
occa.sional attacks of cyanosis; at three months old the pulse became 
irregular and she died in one of these attaclcs.® The second died sud- 
denly at two year’s, having had gross cyanosis and dyspnea for some 
time.*^ The third had extreme cyanosis and pulmonary stenosis and 
died suddenly at the age of rrine years.-® All these three had serious 
congenital heart disease as well as block and arc mentioned here only 
because of tiie suddenness of their* deaths. Were it not for the next 
(rase, one might feel that the prognosis was excellent as regards the 
heart-block and need be considered only as regards the a.ssociutcd mal- 
formation. The fourth had no other signs of heart disease and no symp- 
toms, and was accustomed to bathing and strenuous exercise, but she 
died suddenly wlien thirteen years old just as she was going into the 
water.® In her, at any rate, a fatal Stokes-Adams attack seems the 
likely explanation, but curiously cnougli none of tliese four gave a his- 
tory of syncopal attacks, though the.se w-ere present in 8 other patients, 
all, so far us we know, still alive. 


coNcnu.siox.s 

Congenital heart-block is probably more common than has been 
thought, and this po.ssibility sliould be remembered when treating chil- 
dren with a slow pulse. The block is more often complete than partial. 

The ventricular rate is usually between 42 and 56 and quickens to 
GO or faster with exercise. Stokes-Adams attacks are not common hut 
occur in almut onc-eiglith of the patients, generally in the first few 
years of life. 

As a rule, there is some degree of patency of the interventricular 
septunj, and the Iteart is a little enlarged, often to both sides, with 
marked pulsation and .some xirominenee of the pulmonary are. Jlorc 
serious abnormalities and typical morbus caeruleus are le.ss common. 

Provided that the associated malformation Is not in itself .seriou-s, 
the uUtJook i-s good. Suddeji death i-s a rare catastrophe, irsuaily, 
the .subject is able to lead an active life v/ith little or no dyspnea, and 
.survi^'es to adult life or much longer. 
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RUPTURE OF THE RIGHT AURICLE OF THE HEART* 

Case Report With Electrocardiographic and Post-Mortem Findings 

G. M. Clomts, M.D., E. Kellert, M.D., 

Schenectady, N. Y. 

AND L. W. Gorham, M.D. 

Albany, N. Y. 

introduction 

/^UR knowledge of rupture of the heart dates from the time of 
Harveyi who in 1647 described the first case, since which report 
there have been numerous contributions to the subject, dealing for the 
most part with ventricular rupture. The frequency of this finding at 
post-mortem examination is apparently increasing. There are found 
wide variations in the incidence of cardiac rupture according to the 
statistics which are consulted. Thus the older figures cited by Krumb- 
haar and CrowelP are as follows: Philadelphia General Hospital, 7 
eases in 16,000 autopsies; and Romeik of Munich, 7 cases in 13,000 
autopsies. More recently He la Chapelle® has reported 20 cases among 
15,000 autopsies performed by the medical examiner’s service in New 
York City, while Benson, Hunter and Manlove* record 40 ruptures 
among nearlj^ 7,000 autopsies. The records of 1,454 consecutive post- 
mortem examinations at the Albany Hospital contain 6 instances of 
cardiac rupture. 

Kinimbhaar and CrowelP in 1925, and Davenport" in 1928 in a sup- 
plementary analj'sis, have made a most exhaustive statistical study of 
all the cases of cardiac rupture in the literature from 1872 to 1928. In 
a grand total of 710 cases they found the site of the rupture distributed 
as follows: left ventricle 566 (79.8 per cent), right ventricle 76 (10.7 
per cent) ; right auricle 38 (5.3 per cent), left auricle 13 (1.8 per cent), 
and miscellaneous 17 (2.4 per cent). 

It is well known that cardiac inipture is an accident chiefij’’ confined 
to the left ventricle, and that it occurs principally in the advanced years 
of life — the decades from fifty to eighty years. Furthermore it is 
practically always secondarj^ to cardiac infarction, the result of eoronaiy 
arteiy occlusion, bj’ either thi’ombosis or fibrotie narrowing. It is indeed 
doubtful whether a perfectly healthy heart is ever spontaneouslj’’ rup- 
tured, as signs of pre-existing disease can usually be found. 

The facts Icnown about rupture of the auricle are fewer and less 
clearly defined than those pertaining to the ventricle. Rupture of the 

•Pi-om the Ellis Hospital Laboratoi-j', Schenectady. N. T., and the Department of 
Jlcdicine, Medical Department of Union University, Albanj- Medical Colleg'e, Albany, 
N. Y. 


324 



CLOWE ET AL. : RUPTURE OF RIGHT AURICLE 


325 


auricle is a rare but not bj^ anj’- means unique condition. In the series 
referred to above there was a total of 51 cases, or 7 per cent, and the 
right auricle was affected three times as frequently as the left. A review 
of the literature reveals that most of the communications contain but 
brief clinical and pathological notes. No case has thus far been reported 
in which serial electrocardiograms ivere taken immediately following the 
onset of symptoms.* Microscopic examination of the ruptured auricular 
wall has been made in only a small percentage of the eases described. 
The following case with serial electroeardiographie observations and 
histological study is therefore considered worthy of record : 



Pig. 1. — Record of April 4, 1930. 


CASE REPORT 


The patient, an electrical engineer, forty-three years of age, married, with two 
healthy children, had always enjoyed excellent health. There was no history of 
preceding cardiac disease or of syphilis. On the evening of April 3, 1930, while 
rubbing himself with a toivel after a batli, he was suddenly seized with excruciating 
substerual pain which radiated to the neck and head. He fell to the floor uncon- 
scious but after about fifteen minutes revived, vomited, and helped himself to bed. 
The pain persisted during the night, in the chest, head and back of the neck. His 
physician, summoned the follonung morning, found the patient, a sparely nourished, 
well-developed man, looking pale and ill but not dyspneic — the pain subsiding — 
temperature 100° H., pulse 80, regular, good qualitj' in the right wrist, but not 


Lisa and Umg* haye published two electrocardiographic tracings taken two years 
and one month respectively before death. Their case showed an infarct of the left 
ventricle, as well as rupture of the left auricle. 
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detectable in the left. The heart was normal in size and outline, its action regular, 
and a soft systolic murmur was heard over the aortic area, transmitted to the right 
side of the neck. There was no pericardial friction rub. Blood pressure in the 
right arm was 150/50 mm., in the left a few beats came through at 60 mm., but the 
diastolic pressure could not be determined. There were no color changes or disturb- 
ances of sensation in the two hands. Physical examination was otherwise entirely 
negative. 

During the next three days tlie patient’s condition did not change essentially. 
Slight fever continued, the pulse ranged from 80 to 100; the pain had diminished 
to the level of a substernal soreness; the systolic murmur disappeared; no cardiac 
friction developed, and the inequality of blood pressure in the two arms persisted. 
On April 7, following an examination in which an enfeeblement of the heart sounds 



Fig. 2. — Record of April G, 1930. 


and slight dullness at the bases of the lungs with a few fine rales were noted, the 
patient suddenly made several eoni’ulsive movements, the face became livid, the pulse 
disappeared from the right Avrist, and death ensued at once. 

Laboratory Data . — ^Leucocyte count 9,800; lAolymorphonuclears 67 per cent, 
Ij'mphocytes 30 per cent, monocytes 2 per cent, cosinophiles 1 per cent. Eed cells 
normal. Urine examination negative. Blood "Wassermann reaction negative. Elec- 
trocardiograms Avere taken on April 4, 6, and 7 (Figs. 1, 2, and 3). 

Fig. 1. Record of April 4, 1930. Bhythm regular. Rate 65-70. A-V conduction 
normal. QRS Avidth AA-ithin normal. S-T time normal. P-waves practically normal; 
possibly a little AAidened. R, is Ioav; E- is normal in height but slurred and widened 
to nearl5’’ 0.08 see. R^ is slightly loAA'er than R, and also slurred and widened a 
little. S-waves absent. T-Avaves normal. 

Diagnosis. — A. slight delay in intraventricular conduction is indicated by Leads 
II and ILL 
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rig. 2. Eecord of April 6, 1930. Eliythm regular. Rate about 100. A-V con- 
ductiou normal. QES ■width normal in Lead I but increased in Leads II and III, 
owing to the elevated take-off of the S-T line. S-T time not measurable o-\ving 
to the deformity of T. The P-waves show no significant change. E, is unchanged. 
Ej is lower than on April 4, as is E3 also. S-waves absent. A change in the S-T 
line has occurred. In Lead I it is convex upward and in Lead II it is reversed, 
concave, and takes off well above the P-E level. In Lead II S-T is horizontal but 
takes off a little above the P-E level. The form of T is variable in Leads I and II 
especially and in those leads there is an extra wave of variable shape and height 
after the T-wave. 

Diagnosis. — The cardiogram strongly suggests a coronary occlusion. In any 
event, some myocardial injury has occurred. 



Pig. 3. Eecord of April 7, 1930. Rhythm regular. Rate about 85. A-V conduc- 
tion normal. The QES (actually only the E) -svidth has increased in Lead I since 
April 6, and decreased somewhat in Leads II and III. S-T time not measurable. 
There are slight changes in the P-waves. Ei is widened since yesterday and the 
S-T line is now concave and takes off above the P-E (isoelectric) level. E„ is un- 
changed. The S-T line of Lead II still takes off above the P-R level. E^ is lower 
than on yesterday. T^ is higher than it has been on the two previous days and is 
variable in form. T„ is less variable than on yesterday. The extra wave after it is 
inconspicuous today. 

Diagnosis.— Unchanged (see report of April 6). In summary one may say that 
the various changes described in the QRST complex indicate a suddenly developing 
disturbance of the ventricular musculature, and they further suggest a decline in 
myocardial efficiency, due possibly to a coronary occlusion. (Since a calibration 
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curve is not given for the record of April 6, too much importance should not he 
given the comparisons of wave amplitude.) 

Portable x-ray film of chest taken April 7, 1930, the day before death, showed 
diminished transmission of rays through the lower right chest. The heart is ap- 
parently enlarged, and the shadow of the great vessels measures 9.3 cm. This 
change cannot be considered as of diagnostic value, because the plate was taken 
with the patient lying in bed, and not at six feet; hence a certain amount of dis- 
tortion must have occurred. A slight prominence of the shadow' in the region of the 
right auricle is noted. 



Fig. 4. — Pliotograph of heart Reconstruction after dissection. N^ote line of rupture 

in right auricle. 


Diagnosis. — A positive clinical diagnosis was not made. In favor of coi’onaiy 
occlusion w'ere the historj' of long-continued severe substernal pain, with fever, and 
suggestive electrocardiographic changes. The differences in blood pressure on the 
two sides and the probable increase in the mediastinal shadow suggested the tentative 
diagnosis of vascular accident with infiltration of the mediastinal tissues, perhaps 
due to rupture of a dissecting aneurysm. 

Post-Mortem Examination . — Necropsy was strictly limited to examination of the 
heart in which the following changes were obsert’ed ; 

On opening the pericardial sac, the caidty was found to contain approximately 
500 c.c. of soft, dark red, freshly clotted blood. After removal of the clot, the lining 
surfaces appeared roughened owing to the presence of a fine deposit of fibrin. The 
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lieart weiglied 300 gi'ams. The epicardium was blood stained. None of the cavities 
was dilated. An increased amount of epicardial fat was present, particularly about 
the right ventricle. The right auricle appeared quite fibrous and hemorrhagic. On 
the anterior surface of the auricle toward the right border a somewhat S-shaped tear 
2 cm. long was found, the margins of which were blood stained. The tear involved 
the entire thickness of the auricular wall, and a small amount of clot protruded 
through the opening. This area and the adjoining portion of the auricular wall were 
very thin and hemorrhagic, as though infiltrated by blood. (Fig. 4.) On the 
posterior aspect of the auricle was a large, thick, grayish, fibrous patch. The left 
auricle was comparatively normal. The tissues at the base of the heart were in- 
filtrated by blood. Examined in situ, the mitral and tricuspid valves appeared 
normal. The aortic cusps were rigid and fibrous; the anterior and right posterior 


A B 
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Pig. 5. — Photomicrographs of sections of the auricular wall near site of rupture. 
A, and B, perivascular lymphocytic inBltration ; G, cellular infiltration containing 
many red blood cells ; and branch of coronary artery in auricular wall showing 
almost complete occlusion. 

cusps were firmly united by dense fibrous tissue forming a thick, reddish, elevated 
ridge on the upper surface of the valve. The mouths of the coronary arteries ap- 
peared small but were not occluded. The myocardium was normally thick and firm, 
and showed a few grayish streaks, most abundant in the interventricular septum. 
The coronaries appeared normal. There Avas no sclerosis or intimal thickening. 

■ Microscopic sections shoAved evidence of disease of the coronary arteries. In the 
smaller branches AAithin the ventricles there was distinct intimal thickening and 
fibrosis Avith great contraction of the lumina. The vessels of the epicardium in 
many instances -contained completely hyalinized thrombi. There was no calcification. 
A fcAV scattered patches of fibrosis were found in the myocardinm and a slight 
general increase of intermuscular connective tissue. The epicardium contained many 
thick patches of fibrous tissue. In the aortic valve masses of old fibrous tissue, 
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largelj calcified, were found. At the base of the valve distinct bone formation bad 
occurred with osteoclasts, lacunae and a configuration simulating Haversian canal 
systems. 

Sections of the right auricular wall near to and remote from the site of rupture 
showed thickening and extensive infiltration of red blood cells. A thin film of 
hyalinized material was present on the pericardial surface. The subpericardial tissue 
and muscle showed considerable disorganization duo to edema and cellular infiltra- 
tion. Many polymorphonuclear leucocytes were present, and these, together with 
other cellular elements, showed considerable karyorrliexis. Many of the small vessels 
showed intimal thickening, hyaline change and great contraction of the lumens. 
(Fig. 5.) 

In the case here reported it appears that although the main coronary vessels were 
comparatively normal, the smaller branches were markedly altered. The prominent 
intimal thickening and the presence of hyaline material simulating thrombi suggest 
that the initial symptoms were duo to infarction of the auricular wall and interstitial 
hemorrhage. These changes caused sufficient weakening of the wall to lead to rup- 
ture and hemoperieardium. 

There was no finding at autopsy to cxidain the diflerence in blood pressure noted 
between the right and left arms. 

' DLSCUSSION 

An analysis*" of 55 eases of rupture of the auricle (54 from the litera- 
ture plus the one here described), reveals certain interesting facts. 
Auricular rupture in contrast with ventricular, occurs more frequently 
at younger age periods. Thus, in 44 instances of ruptured auricle, 21 
or 47.7 per cent were found in indmduals under forty years. This 
incidence is seven times as great as that given for all ruptures of the 
heart, where onlj'- 6.7 per cent occur before the fortieth year.® Males 
are more often the victims of rupture of the auricle than are females, 
in the proportion of 30 to 16, in 46 cases where the age was recorded. 
The site of rupture was as follows in 55 cases: I’ight auricle 39, left 
auricle 15, and interauricular septum 2 (one case had tears both in right 
aui’icle and in septum). Trauma, either trivial or sevex’e, was found to 
be a primary cause in six instances. Exertion seems rarely, if ever, to 
have produced the rupture, the attack developing suddenly while the 
patient was in bed, walldng, standing or engaged in his usual activities. 
Rowing a boat, straining at stool or vomiting are described as preceding 
the onset of an attack. 

The clinical picture closely resembles that of coronary occlusion. In 
the majoi’ity of eases, 30 out of 46, death occurs almost immediately 
without premonitory symptoms — the patient giving a sharp cry or groan 
and falling unconscious. Less frequently a longer period elapses before 
death, varying from an hour to seven days, during which time symptoms 
of severe preeordial, substernal or upper abdominal pain, nausea, vomit- 
ing, dyspnea, ejmnosis, clammy cold skin, rapid weak pulse, signs of 
heart failure and falling blood pressure may develop. The presence of 
fever and electrocardiographic changes described in our ease have not 
been recorded before in the literature. 


‘This analysis with full bibliography will be published elsewhere at a later date. 
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The pathological findings in the series of 55 eases are limited for the 
most part to brief descriptions of the gross appearance of the heart. 
Hemopericardium was present in the majority of instances, absent in 
a fcAv, and not mentioned in the remainder. Escape of blood into the 
pleural cawty is described in a fcAV cases where the pericardium was 
adlierent, or where rupture occurred behind the pericardium. The tear 
averaged about V 2 fo % length as a rule, and the auricular wall 

is described as being unusually thin near the point of rupture. In the 
majority of reports no mention is made of the condition of the coronary 
arteries. In a few instances these are described as being sclerosed. 
There are only 9 cases in the series of 55 in which microscopic ex- 
amination of the heart was made. Several of these note the presence of 
interstitial hemorrhage in the auricular wall, accompanied by intimal 
thickening of the smaller coronary artery branches, a process of obliterat- 
ing endarteritis, leading to infarction of the auricular muscle. 

The mechanism of rupture of the auricle, therefore, if one excludes the 
traumatic cases, would seem to be similar to that of rupture of the 
ventricle, and to be dependent upon disease of the nutrient arteries. 
In the former the vascular changes are largely confined to the smaller 
vessels in the atrial wall detectable only by microscopic examination, 
while in ventricular rupture changes such as extensive atheroma, narrow- 
ing or thrombosis of large coronary branches are generally visible to the 
naked eye. We believe that spontaneous rupture of the auricle does not 
occur in normal hearts if the traumatic cases be excepted, and that in 
the future careful histological studies, if made, Avill show a pre-existing 
obliterative endarteritis, such as has been described in the case reported 
above. The cause of death is not fully understood, although in the 
ruptures Avith extensive hemopericardium the increased pressure Avithin 
the pericardial sac, especially if it develops quickly, is believed to pro- 
duce anoxemia of the heart muscle, resulting in death. This theory has 
some experimental support, such as Cohnheim’s tamponade investigation, 
hut does not explain death in the instances Avhere the pericardial cavity 
’ contains no blood. 


SUMMARY 

1. A case of apparently spontaneous rupture of the right auricle is 
reported in a supposedly normal individual AAliere trauma and excessive 
exertion Avere absent. 

2. Serial electrocardiograms in this case shoAving changes suggestive of 
coronary occlusion are presented for tlie first time. 

3. Histological study revealed a pre-existing obliterating endarteritis 
Avith interstitial hemorrhage and infarction of the auricular wall, leading 
to rupture, a process essentially similar to that causing rupture of the 
ventricle. 
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4. The clinical and pathological features of rupture of the auricle 
based on a review of 54 cases in the literature, plus the one here de- 
scribed, are discussed. 

5. The large incidence of rupture of the auricle before the fortieth 
year of life, 47.7 per cent, as against 6.7 per cent for ventricular rup- 
ture, is pointed out.. 
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CHANGES IN THE RS-T COMPONENT OF THE ELECTRO- 
CARDIOGRAM PRODUCED BY EXPERIMENTAL RUPTURE OP 
THE AURICLE OP THE DOG’S HEART AND BY 
PERICARDIAL INJECTION'^ 


P. S. Randles, M.D.,t L. W. Gorham, M.D., and M. Dresbach, M.D. 

Albany, N. Y. 

INTRODUCTION 

T his study was prompted by the occurrence of spontaneous rupture 
of the auricle in a patient seen in consultation by one of us (L.W.G.) 
in April, 1930. A report of the ease has been presented in the preceding 
article by Clowe, Kellert, and Gorham. The outstanding feature of it 
was the almost exact duplication in symptomatology of coronary 
occlusion, and this clinical diagnosis was apparently supported by 
changes in the electrocardiogram presumably characteristic of such 
an accident. The finding post mortem of coronary arteries normal in 
the gross, and of a patent tear in the right auricle, together with a 
marked hemoperieardium, suggested that the electrocardiographic 
changes were not in this instance diagnostic of coronary disease, but 
were due either to the auricular damage or to the hemoperieardium. In 
order to determine whether or not similar changes in the electrocardio- 
gram could be produced by experimental rupture of the auricle, these 
experiments were undertaken. 

REVIEIV OE PREVIOUS EXPERIMENTAL WORK DEALING WITH THE PRODUCTION 
OP RS-T CHANGES IN THE ELECTROCARDIOGRAM 

In the past few years numerous papers dealing with experimental 
alterations in the electrocardiogram have been published, with reviews 
and discussions of previous wmrk. Our discussion wifi, be limited to the 
RS-T component of the cardiogram, and the literature cited ■will serve as 
a guide to practically all of the publications, in this special field, of the 
past decade as well as to the earlier work.f 

The literature of experimental studies on the T-wave alone had al- 
ready become very extensive by 1925, as the review by Katz^ then 
showed. Thomas Lewis^ was apparently the first to engage in work on 
coronary artery ligation, with electrocardiographic controls. However, 
P. M. Smith® seems to have priority in this field as far as special refer- 

*Pi'om the Departments of Physiology and Medicine, Medical Department of Union 
University. Albany Medical College, Albany. 

tHarriet Sporborg Littauer Fello-w in Physiology and Research Medicine. 
^Extended recent discussions of various aspects of the problem of alteration of 
Uie ^ectrocardiogram consequent to myocardial changes due to various conditions act- 
ing directly or indirectly on the heart can be found in the papers bv Damir and 
J-<ampert. Fed and associates, Crawford and coworkers, Barnes and Mann, Ivatz, and 
others, cited in this review. 
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enee to the coronary type of T-wave is concerned. Using dogs, he 
observed that coronary ligation resulted in a T-wave form very similar 
to that in a proved clinical case of coronary thrombosis, which case was 
later described by Herrick.^ Smith extended his research in 1920.“ 
Ligation experiments with eleetrocardiogi'aphie records were later made 
on dogs by Sutton and King,® Otto,^’ ® Parade,® Averhuck and Kachmile- 
witz,io Feil, Katz, Moore and Seott,“ Damir and Lampert^^ and by 
Barnes and Mann.^® Gold, DeGraff and Edwards^-* used cats in similar 
experiments. 

There is general agreement that coronary artery ligation in dogs 
produces changes in the RS-T component resembling, especially in the 
early stages of the process, those resulting from myocardial infarction 
in man; but all the factors involved are not fully understood. Parade 
observed that by the time the coronary type of T-waA'-e has developed the 
damaged area has already begun to organize. Peil and associates found 
that after ligation an increasing anoxemia was necessary to insure, 
Avithin an hour or so, the changes in the electrocardiogram, and they 
concluded that coronary obstruction Avas only one factor. On the other 
hand, Barnes and Mann did not emphasize the anoxemia element but 
pointed out that the RS-T changes are inconstant OAving to peculiarities 
of the arterial distribution in the dog’s heart Avhich malce it difficult, if 
not impossible, to reproduce the late electrocardiographic changes seen 
in myocardial infarction in man. Katz and Wallace^® also shoAved the 
relation betAveen clinical and experimental electrocardiograms and 
pointed out the errors Avhich are likely to creep into such Avork. In 
their extensive study Damir and LamperU® found not only real differ- 
ences betAveen the cardiograms following cardiac infarction in man and 
the dog, but also features common to the tAvo types. They likeAvise dis- 
cussed at length the relations betAA^een the form of the electrocardiogram 
and infarction. 

It may be mentioned at this point that in a number of cases of stab 
wounds of the human heart, Avith consequent damage or obstruction of 
coronary arteries, changes in the electrocardiogram have been observed 
which are very similar to those due to the ordinary thrombotic coronary 
occlusion in man and to coronary ligation in animals. Such cases have 
been reported by Davenport,^® Puccinelli,^^ Cole,^® Bates and Talley,^® 
Schlomka,®® Purks,®" Elkin and Phillips,®® and by Porter and Bigger.®® 

The researches of Otto,®^ Averhuck and RachmileAvitz,^® McGuire®® 
and Damir and Lampert^® on the changes of the RS-T component caused 
by chemical injury of the myocardium, by cooling it, by coronary liga- 
tion, by stimulation of the cardiac sympathetic nerves and by excision 
of the stellate ganglia are important. Although there is some disagree- 
ment among the above mentioned and other investigators regarding the 
actual role and importance of different factors in the origin and sub- 
sequent changes in the RS-T component, the results furnish accumulat- 
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ing evidence that certain features, at least, of the coronary type of 
T-wave can he produced by a variety of means. An observation of much 
interest in this connection is one by Damir and Lampert^^ who found 
that in a number of dogs excision of the left stellate ganglion produced 
T-wave changes resembling certain of those produced by coronary liga- 
tion, although there was no myocardial damage. They also found that 
RS-T abnormalities caused by silver nitrate injury of the heart or by 
coronary ligation could sometimes be made to disappear by removal of 
the right stellate ganglion. These experiments, and some by Otto,'^ 
Averbuch and Rachmilewitz,^® and McGuire,”® on the extraeardiae 
nerves, suggest an important nervous factor in the production of ab- 
normalities of the RS-T component but leave some points obscure. Con- 
firmation of certain of the experimental results reported is desirable. 

In the past the lack of uniformit 3 '^ in the correlation of the RS-T 
changes and cardiac injury has been partly due to the technic employed. 
Recognizing the difficulties of confining a lesion to a definite part of the 
ventricles, Crawford and associates^® employed the electric cautery, using 
the eat heart. They state that lesions in similar sites produced, with 
almost complete consistency, the same type of RS-T deviation, Thej'^ 
are of the opinion that the geographical situation of the lesion, rather 
than the distribution of the blood supply, determines the character of 
the electrocardiographic changes. Nevertheless, other recent work has 
emphasized the importance of the arterial disti’ibution in the heart 
(Otto,® Parade,® Barnes and Mann^®). 

Changes in intracardiae pressure (Otto,®^ Lian and Marklen®®) alter 
the RS-T complex in a suggestive way, and injections of isotonic saline 
solution and of oil into the pericardial sac can, b^’' pressure, produce 
RS-T changes similar to those in certain stages of clinical cases of 
coronary occlusion (Katz, Feil and Scott,®® Scherf®®). We have also 
confirmed this observation in our work, as will be noted later. 

It is Avell known that drugs of various kinds can invert the T-wave, 
and not infrequently the RS-T deviations are similar to those under 
discussion. For this reason digitalis and other glucosides are of obvious 
importance. However, there is marked disagreement in the reports on 
these glucosidal effects in animals (Griinbaum®^,* DeGraff and Wible,®® 
and Brams and Gaberman®®). In a dozen or more experiments on eats 
and dogs RS-T changes somewhat similar to those of the coronary type 
have been seen in our laboratory. They were produced by ouabain and 
strophanthidin under certain conditions and will be described in a later 
paper. 

Finally, we mention the recent work of Kountz and Gruber®^ and of 
Kountz and Hammouda®® on anoxemia of the heart. The former workers 
found that when the oxj^’gen content fell below 50 per cent of normal in 

Grlinbaum have to do only with changes in the electrocardio- 
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the arterial blood of dogs during rebreathing experiments the electro- 
cardiogram showed changes sti’ikingly similar to those of coronary oc- 
clusion in man. Gruber and Kountz®*' also showed that coronary arterial 
constriction produced by pitressin can provoke marked RS-T alterations. 
Kountz and Hammouda^® have extended this work, using the heart-lung 
preparation, and have obtained evidence that metabolites, rather than 
anoxemia alone, acting locally on the myocardium are responsible for the 
RS-T effects, though the combined factors of deficient oxygen and excess 
carbon dioxide may also produce them. 

It has become increasingly apparent, from both clinical and experi- 
mental work of the past ten j^ears, that fusion of the T-wave with the 
RS segment of the eleeti’ocardiogram is not pathognomonic of coronary 
occlusion, though serial cardiograms in suspected cases furnish very 
suggestive evidence of such obstruction in many instances (Cooksey and 
Freund^’’). From the experimental Avork reviewed it is evident that, 
apart from direct myocardial damage or necrosis by any agency men- 
tioned, many of the procedures used to affect the ventricular muscula- 
ture indirectly have, as a common result, the production of myocardial 
ischemia of greater or lesser degree and extent. It seems reasonably 
clear that although in such cases anoxemia alone is not the sole factor in 
producing the RS-T changes it may bring them about when associated 
Avith an excess of metabolites, as the experiments of Kountz and Ham- 
mouda®® indicate. Further correlation of the results of experimental 
studj’’ of the RS-T portion of the electrocardiogram is desirable. 

DESCRIPTION OF EXPERIMENTS 

A. Auricular Rupture 

Dogs were chosen as Hie experimental animals. Three preliminary experiments 
were performed in which the chest was opened nnder morphine and ether anesthesia 
and the right auricle Avas cut or torn to produce bleeding into the pericardial cavity, 
the latter being closed by a purse string suture. Electrocardiograms taken before 
and after this operation shoAved no significant changes as a result of either the 
auricular injury or the hemopericardiuni. No attempt Avas made in these first 
three experiments to preserve aseptic technic or to keep the animals alive beyond 
a period of a feAV hours. 

PolloAA’ing the preliminary’’ experiments a more or less standardized technic was 
adopted which may be described as follows: 

An electrocardiogram Avas taken by the three standard leads, before anesthetizing 
the animal. It was found couA’enient and entirely satisfactory to use electrodes con- 
sisting of three or four turns of No. 18 copper AA'ire Avrapped about the legs of the 
dog after first scrubbing the hair Avith strong salt solution and applying about a 
yard of lieaA-y Aveb bandage tAvo inches AAnde soaked in the same solution. This is 
the procedure recommended by Herrmann and ‘Wilson.^s* 

The dog was then given 40 to ,50 mg. of sodium amytal per kilogram of body 
Aveight. This Avas given intraperitoneaUy and AA-as supplemented by ether, if neces- 

•The peaks of the R and S deflections, being almost inA’isible in most of the records, 
ha\'e been retouched with Avhite ink in order to indicate the amplitude of those two 
waves. 
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sary, to produce surgical anesthesia. A second electrocardiogram was taken after 
anesthesia had been induced. The chest was then opened under aseptic precautions, 
the respiration being maintained by ah air pump connected with a tracheal tube. 
The opening made in tlio chest wall was on the left side between the third and 
fourth or fourth and fifth ribs. A sketch showing the incision is seen in Pig. 1. 
The pericardium Avas picked up Avith a clamp, and a purse-string suture of fine 
fishline Avas placed about the tip of the clamp. Then through a small opening made 
in the pericardium inside the purse-string suture a clamp Avas passed back toAvard 
the base of the heart, and the right or left auricular appendage AA-as grasped and 
draAvn out throAigh the opening in the pericardium. (The left auricle is easily 
seen through the pericardium and is much more accessible, but the right auricle 
AA'as used in a majority of experiments in order to duplicate more exactly the con- 
dition present in the case of spontaneous rupture referred to above.) A curved 
clamp Avas then placed on the auricular appendage about three-eighths of an inch 



Fig. 1. — Upper ; DraAA'ing ot operative field with clamp picking up pericardium and 
purse-string suture in place. 

Lower left; Tip of auricular appendage in clamp with slip tie in place. 

Lower right: Tip of auricular appendage being cut .aAvay. 

from the tip. Back of the clamp Avas then tied a slip ligature of strong fishline 
draAvn tight. A knot Avas tied in the slip end of the tie for identification and this 
was brought out through the chest Avail. The other end Avas cut off close to the 
tie. A second fishlino suture Avas placed through the Avail of the auricle directly 
back of the tie and the tAvo ends were brought outside. (The purpose of this so- 
called ‘ ‘ saAv string ’ ’ Avill be described later. It Avas not used in all experiments 
but Avas found A’ery iiniAortant.) The tip of tlie auricular appendage was then cut 
off close to the clamp, the clamp remoA-ed carefully and the auricle allowed to slip 
back to its normal position Avithin the pcricardimn. The purse string in the peri- 
cardium was draAvn, closing the opening. The chest Avail Avas closed by three layers 
of sutures, the artificial respiration Avas stopped, and another electrocardiogram 
Avas taken after the animal had resumed normal breatliing. In one to three da.ys 
after the operation, the string which controlled the slip tie on the cut auricle was 
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drawn out and the second ligature which had been placed in the wall of the 
auricle was torn out by sawing back and forth until it cut through the muscle. The 
use of the saw string was essential to insure free bleeding from the auricle. It had 
been found that the cut end of the auricular appendage was sealed by clot forma- 
tion within twenty-four hours so that little or no bleeding would occur on removing 
the slip ligature unless the wound were freshly torn open. Electrocardiograms were 
taken before, during, immediatelj' after this procedure, and at varj’ing intervals 
over periods ranging from several days to two months. 

Protocols of Typical Exjoerwients . — 

January 27, 1932. Experiment IS. 

Dog 40, male, three and one-half months old, weight 12.6 kg. Electrocardiogram 
at 8:20 p.m. (3 leads), followed by sodium aniytal (50 mg. per kg.), intraperitoneally. 
Well anesthetized at 8:50 p.Ji. when a second electrocardiogram was taken. Op- 
erated upon as described above, removing the tip of the right auricular appendage. 
No bleeding. Purse string drawn in pericardium; chest closed and bandaged. Very 
little ether was required. Dog appeared in good condition. Third electrocardiogram 
taken. 

January 28. 9 a.m. Animal somewhat under the influence of amytal but tried 

to stand. Drank ivater. 

January 28. 4 p.sr. Dog able to walk. Electrocardiogram taken at 4:15 p.ji. 
Bandage removed and incision opened at one end to locate buried strings. “Slip 
string” pulled at 4:35 p.m. followed immediately by the “saw string.” Electro- 
cardiogram taken at once and another after ten minutes. Animal in good con- 
dition. 

January 29. Dog active and a.pparently normal. Electrocardiogram at 11:30 
A.M. 

Further electrocardiograms were taken as follows: January 30 and 31. Feb- 
ruary 1, 2, 3, 4, 6, 9, 15, 19, and 29. 

ElectroeardiogTaphic Changes. — The eleetroeardiogram .taken January 
27 before operation is shown in Pig. 2. It is a perfectly normal tracing 
but the rate is fairly rapid. The records taken immediatelj^ following 
the operation show no change of any consequence. The first marked 
variation appears in the tracing taken Januaiy 29 at 11 :30 a.m., nine- 
teen hours after pulling the string to iiroduce hemox’rhage into the 
pericardium. This record is shoAvn in Pig. 3. Here is found sharp in- 
version of T-waves in Leads I and II with decided elevation of the S-T 
interval. The T-waves take off 1-2 mm. above the base line, and the S-T 
line is definitely convex upward. The next day the T-ivaves are upright 
in all leads, but the take-off remains high. Pig. 4 shows the record 
obtained Pebruary 6, nine days after pulling the string. Here we find 
very high T-waves, especially in Lead II, and a high take-off in all leads. 
Prom this time on repeated tracings showed a gradual return to normal. 
On Pebruarj' 29 the last record was taken. This is reproduced in Pig. 
5, and except for a slight elevation of the S-T interval, it is seen to be 
pi’actically the same as the original tracing taken before operation. Con- 
sequently this dog was used again for a .second experiment wliieh is next 
described. 
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February 29, 1932. Experiment 23. 

Dog 40, male, four and one-lialf montlis old, weigM 15.3 kg. This dog was first 
operated upon January 27, the tip of the right auricle being cut away at that time. 
The second operation was exactly the same as the first except that the tip of the left 
auricle was removed. Electrocardiograms taken. Animal in good condition. 



March 1. 9 A.U., Dog lying on side still under effect of amytal. 1 p.m., Animal 

able to walk about. 1:15 p.m.. Electrocardiogram. 2:05 P.M., Slip string pulled, 
followed by “saw string. “ Electrocardiogram taken duidng and after pulling 
string. 5 P.M., Electrocardiogram. 

March 2. 9 A.M., Dog up and about but not active. Some infection around 
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sutures. 10:30 a..m., Electrocardiogruni. Ttiis showed n return of the cliaracteristic 
clianges in tlic form and take-off of the T-wavcs in all leads. Therefore, at 2:30 P.M. 
the same day, the dog was again anesthetized and the heart e.xposcd through the 
original incision to determine the amount of blood in the pericardium. The latter 
was found greatly distended with fluid. By means of a syringe and needle 90 c.c. 
of dark red bloody fluid were removed from the pericardial sac besides about 20 e.c. 
which were lost by leakage around the Jieedlc. Chest again closed and an electro- 
cardiogram taken. Dog in fair condition. 

March 3. 9 a..m.. Dog moved about, but was not active. 10:45 A.^t., Electro- 

cardiogram. Eepeated at 3:20 P.^t. The dog was then sacrificed and an autopsy 
done. The left lung was found adherent to the chest wall and to the pericardium. 
The latter was thickened, injected and verj- friable. Bloody fluid oozed from the 
opening made by the needle used the day before for aspirafion. The pleural cavity 
contained 72 c.c. of bloody fluid, iiart of which had leaked from the pericardium. 
The pericardial sac contained 42 c.c. of similar material. No adhesions between 
pericardium and heart wall. Bight auricular appendage missing and wound fully 
healed. Left auricular apjiendagc also missing and wound closed by mass of fibrin. 
Opening not patent but on pressure blood was forced out from left auricle. 

Electrocardiographic Changes. — Three lionrs after pulling the string, 
the eharaeteristie changes in the form and take-off of the T-wave begin 
to appear in Lead I. The eleetroeardiogra])hic record before operation is 
seen in Pig. 5, and the record taken three hours after producing hemor- 
rhage into the pericardium is shown in Pig. 6. Twenty hours after 
producing a hemopericardium the changes are more pronounced as 
shown in Pig. 7. Here the T-waves are inverted in all leads, and the 
take-off is elevated in Leads I and II. Pour hours later the T-wave in 
Lead III is found upright, hut otherwise the picture is essentially the 
same (Pig. 8). Pollowing the removal of bloody fluid from the peri- 
cardium by aspiration Tj becomes inverted again, and now in aU leads 
we find inverted T-waves and a high take-off (Pig. 9). Nineteen hours 
after removing the blood from the pericai’dial sac, the changes are even 
more pronounced (Pig. 10). The T-Avaves are still inverted in all leads, 
and the take-off is higher than before. 

The interesting point in this experiment is the fact that it Avas the 
second time that such electrocardiographic changes had been produced in 
the same dog by a second auricular rupture and a consequent hemo- 
perieardium. Of further interest is the fact that these changes not onl.y 
persisted but Avere intensified after removal of a large part of the blood 
from the pericardium. It Avould appear that these changes Avere CAudence 
of a mjmeardial disturbance AAdiich persisted after release of pressure 
Avithin the pericardial sac. 

Review of Auricular Rupture Experiments. — The series comprised in 
all, 18 experiments on 16 dogs. The right auricle Avas opened, in eleven 
instances, the left in seA'^en. Definite electrocardiographic changes Avere 
obtained in eight experiments, or 44.4 jAer cent. The right auricle Avas 
opened in five of these and the left in three. HoAveA^er, in only eleven 
of the eighteen experiments did the dogs survive the operation for tAvelve 
hours or longer. In other Avoids, there Avere only eleven instances in 
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Nigr. 6 . — Experiment 23, Dos 10. Three hours after pullingr string. Note inversion and liigh take-off of Ti. Coi-npai-e Pig. 5 . 

7. — Twenty hours after pulling string. All T-waves now inverted with ST interval elevated and convex upwai-d. 

Pig. 8. — Twenty-four liours after pulling string and just before removing blood from pericardium. Ts upright. 

Pig. 9. — Immediately, after removing 90 c.c. of blood from pericardium. Ta again inverted. High take-off in all leads. 

Fig. 10. — Nineteen hours after removing 90 c.c. of blood from pericardium. Note extremely high take-off and persistent inversion of T-wave. 
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which the animals lived a sufficient time for electroeardiographic changes 
to develop. Of this number eight showed the alterations that have been 
described above, a percentage of 72.7. In three cases no changes could 
be detected. Of this number two experiments were on the same dog. No 
“saw string” was used in eitlier to insure opening the auricular wound, 
and it is probable that no appreciable hemorrhage into the pei'icardium 
occurred. Autopsy three days following Ihe second experiment on this 
animal showed no evidence of bleeding from the auricle into the peri- 
cardium. The other failure was in the fii'St experiment of this series. 
In this case the electrocardiograms were not taken at the right time 
and only one lead was used. 

In seven dogs death occurred within twelve hours after operation. 
The causes of death in tliese eases were determined as follows: 

Failure of slip ligature to hold, four; prolonged operation and anox- 
emia, one; pidmonary embolism, one; slip string pulled too soon (fifteen 
minutes) after closing chest, one. 

Surnval Period. — Of the eleven expei-iments in which tlie dogs lived 
more than twelve hours, the survival period was from three to sixty- 
four days. xVll animals were sacrificed eventually except one which 
developed a severe wound infection with a pyopneumothorax resulting in 
death on the sixtli day after operation. 

Use of “SaAv String.” — The impoi’fanee of the “saw .string” to insure 
bleeding cannot be overempliasized. The healing process was a])parently 
so rapid and the intra-auricular pre.ssure so low that there was little like- 
lihood of bleeding from the cut auricle unless the wound Avas re-opened. 
Simply untying the ligature Avas not enough to tear aj^art the edges of 
the cut auricle after healing had gone on for lAventy-four hours or 
longer. This Avas accomplished readily by the use of the “saAv string.” 
In no case AA'here this means Avas used to insui’e bleeding, and in 'which 
the dog sui'AUA'ed the operation, did electrocardiographic changes fail to 
deA’^elop. 

Blood Pressure in the Brachial Arteries. — Since one of the strildng 
features of the clinical case of spontaneous auricular rupture previously 
mentioned was the ditference in blood pressure in the tAA^o arms, this 
point AA^as iiiA^estigated in the experimental series. Blood pressure in 
both brachial arteries AA^as recorded by means of a mercury manometer in 
three animals Avith experimental auricular rupture shoAA'ing definite 
electrocardiographic changes. The pressure Avas found to be the same 
on the two sides in every ease and AAuthin normal limits. 

B. Pericardial Injection 

In this series of experiments it was decided to introduce blood and 
other fluids into the pericardial caAutj’’ by means of a needle, thus elimi- 
nating direct mechanical injury to the auricular Avail. The technic of 
this operation was as follows : 
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An electrocardiogram was talcen and the dog was anesthetized with sodium 
amytal and ether. The chest was opened in the same way as previously described. 
The pericardium was picked up at a point on the left side about midway between the 
base and the apex. A very small needle hole was made, just large enough to allow the 
edges to be grasped by two mosquito clamps. A short blunt hypodermic needle, 
No. 20, was introduced through the opening and the edges were drawn out along the 
needle by means of the small clamps. Then a strong fishline tie was placed about 
the conical projection of the pericardium along the needle, and this ligature was 
drawn tight about the needle. The fluid, warmed to 39° C., was then introduced 
by means of gravity or a large syringe until the desired amount had been used. 
The tie was then drawn tight on the needle by one operator while another slowly 
withdrew the needle from the pericardium. In this way the opening was tied off 
completely without leaving needle holes from which the fluid might leak. The chest 
was then closed, an electrocardiogram was taken at once, and repeated once or twice 
daily during survival of the animal. A typical experiment of this series is de- 
scribed below. 

Protocol of Typical Exj^erimcnt . — 

January 11, 1932. Experiment 15. 

Dog 37, female, weight 12.8 kg. An electrocardiogram was taken and the dog 
anesthetized with sodium amytal (50 mg. per kg.) intraperitoneally. After another 
electrocardiogram, the chest was opened and a No. 20 blunt hypodermic needle was 
tied into the pericardium as described above. Seventy cubic centimeters of blood 
serum obtained from another dog were then slowly introduced. This produced a 
weak heart beat, and it was feared that more pressure would kill the animal. The 
pericardium was tied off as the needle was -withdrawn and no leak developed. Chest 
was closed and the dog began breathing. Another electrocardiogram was taken, and 
the animal was placed in cage still under deep anesthesia. Condition did not appear 
to be good. 

January 12. 9 A.M., Dog lay flat on side, still under effect of amytal. Breathing 
somewhat labored. 10:30 a.m., Electrocardiogram. 5:30 P.M., Animal still lay flat 
on side. Drank water when aroused. Not able to stand. 

January 13. 9 A.M., Animal stood up but did not move about. Drank water but 
refused food. 10 a.m.. Electrocardiogram. 8:45 p.m., Electrocardiogram. Condition 
less favorable. 

January 14. 9 a.m. Dog died. At autopsy many adhesions found in left pleural 
cavity with some bloody fluid and small amount of pus. Left lung partly collapsed 
and adherent to chest wall and pericardium, which was thick and injected. Opening 
made at operation was fully closed and no evidence of leakage of injected fluid. 
About 20 c.c. of bloody fluid found in pericardial sac. Surface of heart smooth and 
no adhesions between heart wall and pericardium. 

Electrocardiographic Changes.— The first electrocardiogram taken 
after the injection of fluid, showed very little change. The amplitude of 
the QRS had decreased, and there -was a slight notching of the T-wave 
in Lead II and Lead III. Otherwise the picture was essentially the 
same as before operation. This was also true of the record taken thir- 
teen hours after injection of the fluid. However, in thirty-seven hours 
a- definite alteration was seen. T-waves were inverted in all leads, and the 
S-T interval was elevated and markedly convex upward (Pig. 11). 

Review of Injection Experxonents. — There were six experiments in this 
series, three of which were successful in that the animals survived for 



344 


THK AMKHICAN IIKAKT .JOUKXAI 


more than twelve hours after operation. In all three electrocardio- 
graphic clianges similar to those described were noted. The animals that 
died soon after operation slioAved no significant alteration in the electro- 
cardiogram within the short time tlial elapsed before death. 

The fluids used for injection were dog scrum, olive oil, normal saline, 
and dog’s blood kept fluid by Ibe addition of heparin. The amounts 
used varied fi-om 60 to 32S e.e., the largest volume enpiloycd without 
producing the animal’s death being 90 c.c. Significant electrocardio- 
grams were obtained in one animal after the injection of only 60 e.e. 



Flgr. 11. — Exp. 15, Dog- 37. Thirly-seven hours after injection of 70 c.c. of dog serum 
into pericardial sac. Note abnormal T-waves in all icads. 

SUMAIAKY AND CONCLUSIONS 

1. Experiments have been here described for the first time showing 
that alterations in the RS-T component of the electrocardiogram simulat- 
ing those associated with coronary occlusion may be produced by experi- 
mental auricular rujiture with resulting hemopericardium. 

2. These electrocardiographic changes have not been found immedi- 
ately after producing a hemopericardium but only following a time in- 
terval of several hours. 

3. The changes have been observed to persist for some time after the 
absorption or withdrawal of the fluid from the pericardial sac. 

4. The variations in the RS-T component were not due to the auric- 
ular injury but were associated with considerable amounts of fluid in 
the pericardial carity. 
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5. The complete explanation of the mechanism of the production of 
the electrocardiographic changes in our experiments cannot be given, 
although the development of anoxemia as previously discussed may well 
be a most important factor. 

6. Another method of producing RS-T changes in the electrocardio- 
gram has been reported which adds to the existing evidence that the 
so-called coronary T-wave is not pathognomonic of coronaiy occlusion. 

We desire to express our tlianks to Miss Dorothy E. Chatfield, of the Albany 
Hospital, for assistance in the technical part of the experiments. 
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THE EELATION OF THE INTBAPLEUEAL PEESSUEE TO 
THE MECHANICS OF THE CIECULATION^' 

G. Kenneth Coonse, M.D., and Otto Elmo Aufranc, A.B. 

Boston, Mass, 

I N A PEECEDING report of experimental studies we showed that 
there was an abnormally negative intrapleural pressure associated 
with experimental pneumonia, or with obstruction of the trachea or 
bronchi. 

We observed at this time that obstruction of the tracliea from within 
or without produced important effects on the filling and function of the 
heart, i.e., dilatation, cyanosis, anoxemia of the tissues, and changes in 
blood pressure and heart rate. It was further noted that injection of 
suitable intrapleural fluid exerted a definite beneficial action on both the 
pulmonic and general circulation in experimental pneumonia or condi- 
tions associated with partial obstruction of the trachea or bronchi. 

In this paper we wish to report additional observations on the effects 
produced on the heart and circulation by variations of negative intra- 
pleural pressure. It was our purpose to determine, if possible, the 
mechanical effects produced by alterations of the intrapleural pressure 
both in the systemic or general circulation, and in the pulmonic or lesser 
circulation. The augmented negative px’essure changes were produced 
by descreasing the inspiratory volume. This was accomplished by in- 
creasing degrees of tracheal obstruction. The diminished intrapleural 
pressure effects were produced by increasing the size of the tracheal 
opening. The respiratory volume was controlled by means of a specially 
devised tracheal tube (Fig. 1). 

The mechanism by means of which the normal alterations in intra- 
pleural pressure are produced is relatively simple when the anatomy 
and physiology of respiration are carefully analyzed. The relation of 
the heart to the lungs, and the lungs to the intrapleural spaces, from a 
study of cross- and sagittal sections can be readily appreciated (Fig. 2). 
It is obvious that changes of pressure in the intrapleural spaces must 
of necessity affect the filling and function of the heart. If the intra- 
pleural pressure be rendered more negative, the inflow of blood into the 
right heart wiE be greater in a given period of time, i.e., during in- 
spiration. It is chiefly this reduced pressure effect upon the heart and 
great veins which enables blood to flow upward from the more de- 
pendent portions, particularly the lower extremities, against gravity. To 
be sure, blood from the superior vena cava in the upright position will 

♦From the Laboratorj- of Surgical Research, Harvard Medical School, Boston, Mass. 
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flow readily domiward in its return to the right heart due to gravity, 
bnt in the prone position there will he relatively little difference from a 
theoretical point of view between the blood floAv in the superior and 
inferior vena cava, as in tliis latter instance gravity affects both, approxi- 
mately equally. 

It is our belief tliat the rate of blood flow through the pulmonary 
circuit is largely determined by the intrapleural and iutra-alveolar pres- 



Fig-. 1. — Tracheal cannula. DifCeront sized stops may be screwed in the top of 
the cannula to control the volume of air entering or leaving the lungs. By means 
of the side arm, it is possible to measure the pressure within the trachea and bronchi 
by connecting it with a recording manometer. 


Fig. 2. — Tran.sverse section of thorax. Note pleural reflections in relation to the 
heart. Since each intrapleural space is a closed cavity, a reduction in pressure m any 
portion of the space will affect all parts approximately equally. It can be readily seen 
that a reduction in pressure in the intrapleural spaces will tend to increase the volume 
or dilate the heart. 



sures. When the intrapleural and intra-alveolar pressures are greatly 
reduced, the rate of flow is diminished, and when these are less negative 
than normal the rapidity of flow through the pulmonary circuit is in- 
creased. The normal average rate of flow through the lungs depends 
upon a proper balance between the negative intrapleural and reduced 
intra-alveolar pressures. The mechanism for this, we believe to be as 
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follows : As the chest wall is lifted by muscle action, the two sides of 
the diaphragm descend sjuiehronously. This constitutes a normal in- 
spiration. At the very beginning of inspiration the chest wall and 
diaphragm begin to move away from the lungs. As the weight of the 
lung rests largely upon the diaphragm, the separation will probably not 
be as great between the lung and diaphragm as between the lung and 
chest wall in the upright position. As soon as the reduction in pressure 
created by the increased size of the intrapleural spaces becomes equal 



Jig. 3. — Apparatus used for recording- intrapleural pressui-e, blood pressure, and 
excursions of the chest -wall. A, time intervals ; B, excursions of tlie chest -wall ; C, 
blood pressure tracing; D and E, intrapleural pressures; F, shows intrapleural needles 
and mechanism for holding them in place at any given distance within the intra- 
pleural spaces. The U-tubes contain mercury with recording floats. Note the in- 
creased pulse pressure with increased negative intrapleural pressure. 


to, or greater than, the elasticity and weight of the lung, the lung sud- 
denly moves dovmward and outward to follow the movement of the chest 
wall and diaphragm. Due to the relatively small size of the tracheal 
opening (epiglottis) and the openings of the nose and throat (naso- 
pharynx) a reduced pressure is developed during inspiration within the 
trachea, bronchi, and the alveoli. This reduction in pressure insures an 
adequate volume flow of blood to the lungs during inspiration. In ex- 
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piration the weight of the chest wall and the upward thrust of the 
diaphragm create a positive pressure within the alveoli, bronchi, trachea, 
and upper air passages, although the intrapleural pressure may still 
remain somewhat negative. Tliis later observation can be explained only 
by assuming that the lungs do not completely fill the intrapleural spaces 
even during expiration (due to stretching of elastic tissue fibers within 
the lung) . Furthermore, it must be assumed that gases are continually 
being absorbed from these spaces, thus keeping the pressure always sub- 
atmospheric. A positive pressure is essential within the lungs during 
expiration to facilitate removal of the accumulative waste products 
within the alveoli, iDartieularh’- carbon dioxide, and also to insure proper 



Pig. 4. — Apparatus for recording- excursions of tlie cJiest -n-all. WOth inspiration 
the spring is elongated producing a reduction of air pressure in the closed system. 
These changes are transmitted to a recording tanihour b.v means of a rubber tube 
connected, to tlie side arm of tlie apparatus. 

filling of the left auricle Avith oxygenated blood by compression and 
squeezing action. That those changes in pressure Avithin the intrapleural 
spaces and lungs are of great physiological importance aa'^c have been 
able to demonstrate in the experimental animal. 

THE EXPERIMENTAL METHOD 

Healthy adult dogs -n’ere used as subjects for the experiments. Ether was chosen 
as an. anesthetic, and a constant depth of anesthesia was maintained by the use of 
a standard gas-oxygen-ether jiiachine. Bilateral intrapleural pressures were recorded 
on a smoked drug by connecting the needles within the pleural cavitj- to jiiercury 
columns (Fig. 3). 
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The excursions of the chest wall were recorded by means of a rubber covered 
spring and tambour (Fig. 4). The carotid artery was isolated, and a cannula was 
inserted which had been previously filled with a saturated sodium citrate solution,’ 
and this in turn was connected with the recording mercury column. The trachea 
was opened and the modified tracheal-cannula inserted. The trachea was then tied 
tightly about this so that all air entering or leaving the lungs passed through the 
cannular opening. By means of openings of various sizes it was possible to control 
the volume of air passing in and out of the lungs with each respiration. X-ray 
plates were taken in a number of the experiments without changing the position of 
tlie animal or the x-ray tube. In this way it was possible to record graphically 
alterations in the size of the heart that occurred during the experimental procedures. 

We had previously noted variations of the venous pressure in our early ex- 
perimental work. Many times the ordinary methods for visualization proved un- 
reliable. A new type of venous pre.ssure recording apparatus was devised to record 
graphically the rise and fall of pressure in the veins (Fig. 5). This consisted of 



Fig. 5. — ^Venous recording apparatus. A tiiin ruhljer diaphragm is tied securely 
over the boAvl. The upper portion is then screwed in place. The rubber tube and 
upper portion of the bowl is filled with Ringer’s solution. The pressure changes are 
transmitted to the recording arm of the tambour. 

a T-tube with a supeiimposed 'bowl wJiich when correctly inserted lies parallel to 
the vein. The effects of gravity are thus largely eliminated. The tube is approx- 
imately the same caliber as the vein into which it is to be inserted. The bowl un- 
screws in the center and is covered by a rubber diaphragm. The surface of this 
is greased, and the upper portion of the bowl is screwed in place, filled with Finger ’s 
solution, and connected to a recording diaphragm at approximately the same level 
as the femoral vein. A thin coat of paraffin is applied to the lower portion of 
the apparatus, i.e., that which comes in actual contact with the blood. This is 
necessary to prevent too early clotting. Any increase of pressure will thus produce 
bulging of the diaphragm and the pressure change will be transmitted to the fluid 
column of the recording diaphragm. "When the pressure is reduced in the vein, 
blood flows out of the boAvl, and the diaphragm becomes concave. The fluid column 
thus falls correspondingly and the change is recorded graphically on the smoked 
drum. The only difficulty we have encountered with this type of venous 
pressure recording apparatus is clotting of the blood, resulting from the slow 
flow produced in some of the experiments. There is a small sidearm to the instrg- 
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meat tlirougli wliieh Ringer’s solution or saline can be injected to wash out clotted 
blood. In most instances this obviated the neccssitj' of removing the apparatus 
from the vein. 

The time intervals during the experiment were recorded by means of the usual 
clock mechanism and are marked on the drum at intervals of every five seconds. 
The heart rate was recorded in two different ways. Each systolic pulsation was 
recorded on the blood pressure tracing, and when the speed of the drum was 
increased it was possible to determine the rate, knowing the elapsed interval of 
time. The pulse rate was also recorded at ten- to fifteen-minute intervals by direct 
palpation of the femoral pulse. The rectal temperature was also taken at cor- 
responding intervals and marked on the drum at the appropriate point. 

Two general series of experiments were undertaken, first, a series 
noth an abnonnally increased negative pressure; and second, a series 
with a diminished negative pressure. In most instances, liowever, both 
experiments were performed on the same animal except where the ex- 
periment was allowed to go on to fatal termination. In some eases fluid 
was injected into the intrapleural spaces before beginning the experi- 
ment. The pressure tvas frequently recoi’ded -within the trachea in addi- 
tion to the intrapleural pressure. The protocol of two typical experi- 
ments will sex’ve to illustrate the method used. 

PROTOCOLS 

Bog 1 . — An adult mongrel Police dog weighing twenty-one kilograms. Estimated 
age two years. Excellent general condition. Ether anesthesia. Intrapleural measure- 
ments, chest excursions, blood pressure, venous pressure, and intratracheal pressure 
were recorded on a smoked drum as previouslj' described. 

During the excitatory phase the negative intrapleural i^ressure was greatly in- 
creased, i.e., rendered more negative. As the stage of surgical anesthesia was 
reached, the intrapleural pressure became much less negative. With deep anes- 
thesia it was corresponding!}' diminished.' The blood pressure fell, venous pressure 
rose, and the pulse rate increased. Then the stage of poisoning was reached, and 
respirations ceased for two minutes. During the first ten seconds of this period the 
blood pressure fell fifteen millimeters and the venous pressure rose. The fall of 
blood pressure was followed in about one and one-half to two minutes by a rise of 
thirty-two millimeters. The blood pressure then gradually returned to the original 
normal level shortly after spontaneous respirations were resumed (Fig. 6). 

A one-eighth inch stop was immediately inserted ijito the tracheal cannula, and 
the negative intrapleural pressure ivas at once increased to minus fifteen millimeters. 
Blood pressure was elevated, venous pressure at first fell, then rose slightly (Pig. G); 
respirations slowed, and the heart became slow and irregular. In four minutes 
respirations ceased. Blood pressure promptly fell, although the heart continued to 
contract feebly. Venous pressure rose, then fell as the heart stopped two minutes 
later. 

Fost-mortem Findings . — ^Autopsy showed marked dilatation of the heart and 
great veins within the thorax as well as congestion of all the large veins within 
the abdomen. There was considerable congestion within the mesenteric vessels, 
with marked cyano.sis, and in some instances areas of gross hemorrhage were 
visible. The lungs showed cyanosis and marked congestion, and the cut surface 
exuded dark red blood. There was some edema present but no definite pneumonia. 
This congestion was most marked in the bases but was also present throughout the 
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lungs. The liver bled freely when sectioned as did also the kidney. The venous 
pressure was apparently high in the vena cava. All of the suiierficial vessels were 
congested and this was particularly noted in opening the thorax. 

Dog 2 . — An adult mongrel dog weighing fifteen kilograms. Good general con- 
dition. Estimated age two to three years. Ether anesthesia. Intrapleural pressure, 
intratracheal pressure, blood pressure, venous pressure, and excursions of the chest 
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wall recorded as in previous experiments. Pulse rate at beginning of experiment 
120. Trachea opened widely. Intrapleural pressure promptly fell to minus one to 
two millimeters. Blood pressure decreased. Pulse rate increased to 160. Venous 
pressure rose. Body temperature fifteen minutes later had dropped to 100° E., and 
at the end of one-half hour to 97.8° P. Color as seen in tongue was pink. 

Insertion of one-eighth inch stop produced prompt increase of negative intra- 
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pleural pressure, rise of blood pressure, and fall of venous pressure -with sloping 
of heart rate and respiration. In twenty minutes the body temperature was 100.8° 
r., and there was moderate cyanosis. Eemoval of the stop resulted in first a rise, 
and then a fall of blood pressure. Usual changes in venous pressure occurred, 
i.e., rise of venous pressure as blood pressure fell (Pigs. 7 and S.) 



Dog given oxygen and CO, under slightly increased xnessure, i.e., gre.ater than 
atmospheric. This produced a prompt rise of venous pressure and fall of blood 
pressure. X-rays taken in both inspiration and ex^riration showed the lieart to bo 
much smaller than normal (Pig. 10). In this anim.al x-ray plates were also taken 



COONSE AND AUFRANG : INTRAPLEURAL PRESSURE 


355 


at the beginning of tlie experiment. In corresponding phases of respiration, the 
positive pressure 'was gradually increased and after twenty minutes the dog died. 
Autopsy . — Temperature at time of death was 96.7° T. The skin was cold, there 
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was practically no bleeding in cutting through the thoracic muscles preparatory to 
opening the thorax. The lungs were pink and relatively avascular. Heart was small 
and contained very little blood. On opening the abdomen there was marked dilata- 
tion of all the mesenteric vessels. Pressure in the vena cava was exceedingly high; 
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liver was dark red in color and when sectioned a large amount of venous blood 
escaped. Kidney also showed the same congestion; spleen was contracted and firm. 
There was no free fluid in the abdominal cavitj'. 



DISCUSSION 

From the consideration of the data obtained from a large number of 
experiments, carried out on more than 40 dogs, a definite relationsliip 
appears to exist between the intrapleural pressure and the circulation. 
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When there is obstruction to the inlet of air, a reduction of intra- 
pleural pressure invariably occurs. If of a sufficient degree, a reduc- 
tion of pressure also occurs within the trachea, bronchi, and alveoli. 
Conversely, when the size of the tracheal opening is increased, the 
intrapleural pressure becomes less negative, and the intratracheal pres- 
sure is so near that of the atmospheric air that it cannot be recorded by 
means of a mercury manometer (Pig. 9). 

These changes of intrapleux’al pressure promptly produce alterations 
in the pulmonary and general circulation, causing changes in the blood 
pressure, venous pressure, heart rate, and body temperature. The exact 
mechanism by which these changes are produced cannot be entirely ex- 
plained on a mechanical basis alone, as the changes of pressure within 
the thorax, particularly those affecting the pulmonary circulation, not 



Fig. 10. — Figure on left shows x-ray appearance of heart with diminished nega- 
tive intrapleural pressure. Figure on right shows dilatation of the right auricle with 
increased negative intrapleural pressures. Both plates were taken at the height of 
inspiration without changing the position of the tube. 

The metal band seen in the left hand figure was not removed before taking the 
x-ray. This apparatus was frequently used to hold the needles in their proper posi- 
tion in the intrapleural spaces. 


only produce mechanical effects, but these in turn involve chemical 
changes which react on the vital centers, and these produce reflex changes 
in the mechanics of the circulation. A detailed discussion of the chem- 
istry of the blood in relation to altered peripheral resistance, respira- 
tion, etc., will be reserved for a separate communication. 

Some of the important mechanical factors in relation to obstruction 
of the trachea and bronchi will be considered first. When there is ob- 
struction to the inlet of air a reduction of pressure must occur in the 
inti’apleural spaces, since the chest wall and diaphragm move away 
from the lung faster than the lung is able to follow them. Where the 
obstruction exists in the trachea above the bifurcation, the resulting re- 
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duction of intrapleural pressure will be approximately equal on both 
sides. If, however, the obstruction is in the right bronchus, then a 
greater reduction of pressure -will occur in the right intrapleural space 
than on the left, although there voll be some abnormal pressure on the 
left side as well. 

This, we believe, may be explained by the fact that the mediastinum 
in the dog is veiy mobile, and the heart is displaced toward the ob- 
structed side. This results in an abnormal stretch or puU of the op- 
posite lung. The overstretching of the elastic tissues produces an in- 
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Fig-. 11 . — A represents time intervals ; B, excursions of the chest -wall ; G, 
pressure tracing ; X>, base line for estimation of venous pressure changes ; E, carotid 
blood pressure tracing ; F, and G, intrapleural pressure readings ; S, intratraclieai 
pressure. 

Note the respiratory waves in the venous pressure tracing at I. Pressure falls 
inspiration and rises with expiration. "With cessation of respiration ttiese entirely dis- 
appear, although the heart Is still beating. "With artificial respiration they are also 
practically absent. Note the rise of venous pressure with ■ cessation of respiration and 
gradual fall after death. This record shows particularly well the fall of blood pres- 
sure occurring with inspiration and the rise with expiration. With increasing degrees 
of obstruction this effect becomes even more marked. Since expiration is more force- 
ful than normal, this aiso tends to produce a rise of systolic pressure. 

creased separation of the lung from the chest wall. In both these 
instances, but more strildngly shoivn where the obstruction affects the 
trachea, there mil be a diminished excursion of both the chest wall 
and diaphragm. This may be explained by the obstruction to inlet, 
the muscular effort being largely expended in reducing the pressure 
within the intrapleural spaces and lung itself. 
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This change is readily shown in the experimental record by reference 
to charted movements of the chest wall and diaphragm. Expiration 
becomes more forceful, due to the sudden release of active inspiration, 
in the presence of an abnormally negative intrathoracie pressure. These 
same pressure changes produce marked alterations in the pulmonary 
circulation as well as in the filling and function of the heart. Let us 
first consider the mechanical factors in relation to the heart itself. As 
the intrapleural pressure is rendered more negative a larger return of 
venous blood to the heart occurs, due to the reduction of pressure within 
the great veins of the thorax and the stretching of the heart itself dur- 
ing inspiration. The same reduction in pressure also increases the 
work of the heart not only by increasing the blood volume but also 
by throwing an additional load on ventricular and auricular contraction 
during inspiration, as the heart in this case must contract against an 
outside reduction of pressure tending to dilate it, in addition to the 
increased volume (Fig. 11). In this way, where there is sufficient ob- 
struction of the trachea, it is relatively easy to produce an actual 
dilatation of the heart with insufficiency of the valves and death. 

Important changes also occur in the pulmonary circulation with ob- 
struction. Not only is there a reduction of pressure within the intra- 
pleural spaces but also within the trachea, bronchi, and alveoli. Since 
the excursions of the chest wall and diaphragm are diminished with 
obstruction, it is obvious that the vessels coursing within the lung mil 
not be elongated or stretched out as much as under normal conditions. 
Then, too, the reduction of pressure within the alveoli themselves tends 
to produce a dilatation or increased size of the vessels. This reduction 
in pressure Avithin the alveoli will also effect the exchange of gases in 
the blood. As there is also some obstruction to expiration, there will 
be an added tendency for carbon dioxide to accumulate in the alveoli. 

This increase in COj will still further tend to increase the permeability 
of the capillaries and Avill contribute to the diminished flow of blood 
through the pulmonarj^ circuit. The increased tortuosity and dilatation 
of A’^essels Avill result in a larger number of red cells flowing through the 
center of the vessels without actually coming in contact with the alveolar 
air. One must also consider that in extreme degrees of obstruction 
there may be a considerable reduction of available oxygen within the 
Itmg, and as a direct result of this, carbon dioxide will tend to ac- 
cumulate Avithin the alveoli and blood. Depth and rate of inspiration 
are increased through stimulation of the respiratory center, and the 
blood pressure is elevated through stimulation of the vasoconstrictor 
center. 

The increased infloAV of blood resulting from the diminished intra- 
pleural pressure in the presence of obstniction results in an overfilling 
of the right auricle. A large volume of blood floAVs into the right ven- 
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triele and witli the contTaction of the ventricle a considerable increase 
of peripheral resistance is encountered in the pulmonaiy circuit due to 
the facts previously described, i.c., diminished chest excursion, tortuosity 
of vessels, and dilatation of the capillaries. This results in a reflex slow- 
ing of the heart, allowing a longer recuperative or rest period. 

Wliere the trachea is widely opened the intrapleural pressure is 
greatly diminished, in many instances being so nearly atmospheric that 
it was just recordable. In this instance the excursions of the chest wall 
and diaphragm are increased. Tlie huig capillaries are well stretched 
out, and the velocity flow through the pulmonaiy circuit is increased. 
In this case more red cells are in contact witli the capillary walls and 
the exchange of gases is therebj’’ facilitated within the alveoli. There 
is also an adequate air supply present within the lung at approx- 
imately atmospheric pressure. The amount of blood returning to the 
heart is diminished, since there is less negative pressure acting on the 
great veins and heart. The eardiae contractions are also facilitated 
by the rise of pressure in the intrapleural spaces and the lung itself. 

The diminished inflow, plus the squeezing action of the completely 
expanding lungs, results in a rise of venous pressure, fall of blood 
pressure, and increase of heart rate. The fall is still further aided 
by the inereased oxygenation with relaxation of small arterioles in the 
peripheiy. As a result of the diminished venous return, the pressure 
in the veins within the abdomen gradually rises, and a great deal of 
blood may thus be lost to the general circulation by a pooling within 
the abdominal viscera. 

This, we believe, accounts for the increased amount of blood found 
in the liver and kidney, and the relativelj’' avascular conditions of the 
extremities in the experimental animal subjected to relatively low intra- 
pleural pi’essure. 

All of the above factors tend to produce a fall of body temperature, 
i.e., since more heat is lost through the lungs by increased pulmonary 
ventilation, as well as by radiation and conduction in the periphery 
due to the relaxation of surface vessels. This is in sharp contrast to 
the experiments in which the intrapleural pressure was rendered more 
negative, as in this instance the mechanism for - normal heat loss is 
greatly interfered with. 

The pulmonary ventilation is decidedly decreased, so that normal 
oxygenation and heat loss cannot occur in the lungs. Then, too, the 
inereased carbon dioxide content of the blood produces a vasoconstric- 
tion of the peripheral vessels which seriously interferes with heat loss 
by radiation and conduction in the skin. In many dogs the bodj^ 
temperature rose to 103°-107" F. during the course of the experiment. 
This was most noticeable in experimental pneumonia. When the ti’achea 
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is widely opened, we have repeatedly noted a sharp fall in temperature. 
This occurs quite rapidly and is associated with excellent peripheral 
oxygenation, diminished intrapleural pressures, etc. 

In general, it may he stated that variations of intrapleural pressure 
pi’omptlj^ affect the blood pressure. If the size of the tracheal inlet 
is decreased, the intrapleiu’al pressure becomes more negative. Often- 
times the decrease is almost proportionate to the reduction of the in- 
let, i.e., if the size of the ti'aeheal inlet is decreased from one-quarter 
inch to one-eighth inch, the intrapleural pressure is rendered almost 
doubly negative. This reduction of intrapleural pressure very promptly 
affects the filling and function of the right heart, and these volume 
changes, together with changes in velocity flow through the pulmonary 
circuit, produce prompt variations of the blood pressure, venous pres- 
sure, and pulse rate. 

To be sure, reflex changes occur, affecting both the heart and the 
peripheral vessels, which further complicate the study; e.g., the in- 
creasing CO 2 concentration acts locally to cause relaxation of vessels 
within the lung and increase the permeability of the capillaries. Cen- 
trally, it acts upon the higher center’s, producing increased rate and 
depth of respiration from stimulation of the respiratory center. The 
vasocoirstriction center is also stimulated by the increase of CO 2, 
and this produces a rise of blood pressure by increase of the peripheral 
resistance. It is also possible that the carotid sinus may bear some 
direct relation to the production of the increased blood pressure. 

Where the trachea is widely opened the amount of COo in the blood 
is diminished. There is less stimulus to the respiratory center. The 
intrapleural pressure rises, i.e., becomes less negative, and there is re- 
laxation of tlie peripheral vessels. The rise of intrapleural pressure 
diminishes the inflow of blood into the heart and blood tends to collect 
on the venous side. The diminished effective blood volume thus soon 
results in a rise of pulse rate and fall of blood pressure, and the in- 
creased flow through the lungs and sldn results in a fairly rapid fall of 
body temperature. 

SUMMARY 

Experiments have been carried out on the dog showing the effects of 
increased and decreased intrapleural pressure upon the heart, blood 
pressure, and pulmonic and peripheral circulation. 

It has been demonstrated that rendering the intrapleural pressure 
more negative produces dilatation of the heart, a diminished rate of 
flow through the pulmonary circuit with a relative anoxemia, a slow 
pulse, an increased blood pressure, fall of venous pressure, and rise in 
body temperature. 

Rendering the intrapleural pressure less negative, i.e., more nearly 
atmospheric, results in a fall of blood pressure, rise of venous pressure. 



362 


THE AMERICAN HEART JOURNAL 


increased pulse rate, relativelj’’ small heart, a lowered body temperature, 
and an increased rate of flow through the pulmonary circuit with in- 
creased oxygenation. 

An instrument has been devised for recording graphically changes 
in venous pressure. 

The writers wish to exjiress their appreciation to Dr. Elliott C. Cutler for his 
many helpful suggestions and his friendly criticism throughout the experimental 
work. 

They also wish to acknowledge their appreciation to Eli Lilly and Company of 
Indianapolis, Indiana, for their generosity in establishing a grant which enabled 
them to carry out the initial part of the research problem. 
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DEFORMITY OF THE CHEST ASSOCIATED WITH EXTREME 
DILATATION OF THE LEFT AURICLE. REPORT 
OF TWO CASES* 


Evelyn Holt, M.D. 

New York, N. Y. 

S OME degree of dilatation of the left auricle is present in most pa- 
tients with mitral disease, and extreme dilatation has been described 
in a number of cases and is now generally recognized as presenting a 
characteristic x-ray picture. In the more advanced stages such dilata- 
tion may cause symptoms: dysphagia from pressure on the esophagus; 
cough, dyspnea, hemoptysis, atelectasis or recurring attacks of bron- 
chitis from pressure on the trachea or bronchi ; or hoarseness from pres- 
sure on the recurrent laryngeal nerve. In some cases the symptoms 
have been so troublesome that operation has been performed — gastros- 
tomy for a supposed carcinoma of the esophagus^ or thyroidectomy.^ 
Needless to say, surgical intervention failed to relieve the symptoms. 
Because the left auricle is situated posteriorly its enlargement, when 
this is suffieient to give signs, is mai'ked by physical signs over the back 
— on the left, the right or on both sides — and in the right axilla. The 
most characteristic of these signs are dullness or dull tympany in one 
or both interseapular regions associated with diminished breath sounds 
and clearly transmitted heart sounds and murmurs and, when dilata- 
tion is extreme, a palpable systolic imi)ulse in the right axilla. These 
signs may he difficult to interpret and a mistaken diagnosis of hydro- 
thorax has led to tapping of the right chest ■* Post-mortem examina- 
tion showed that the blood which was obtained came from the left 
auricle, an observation that seems almost incredible until we realize that 
the capacity of the left auricle in such cases has been reported as 1,760 
c.c.,'’ two liters,® two and one-half liters,^ three liters,® and forty ounces 
after fixation.^ 

At the NeAv York Hospital two patients have recently been under 
observation who have shown evidence of extreme dilatation of the left 
auricle and also a deformity of the chest wall, not merely a bulging of 
the precordial area which is seen in so many patients with large hearts 
or an asjunmetry of the nipples as has been described by SehAvartz® in 
cases of mitral disease, but a great increase in the anteroposterior diam- 
eter of the thorax, appearing as if the sternum and the vertebral col- 
umn had been pushed apart. In one case the increase in the depth of 
the chest was folloAved over a period of five years until the antero- 
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posterior diameter at the level of the fourth thoracic spine actually 
exceeded the transverse diameter by three centimeters, and this pro- 
gressive change in the shape of the chest was believed to result from 
the great increase in the anteroposterior diameter of the heart. As far 
as can be determined this particular deformity of the chest has not re- 
ceived special attention. In most of tlie reported cases of extreme dilata- 
tion of the left auricle no mention is made of the shape of the chest. 
Parkinson,^® however, remarked that the cliest of his patient, a young 
man aged twent.v-two years who had had dyspnea for ten years and who 
was found to have a remarkably dilated left auricle, was unusually deep. 

REPORT OF CAJ3ES 

Case 1. — American housewife, aged tliirty-seven years. This patient had chorea 
at seven 3'ears, occasional growing pains and frequent attacks of tonsillitis but no 
other illness. From the age of nineteen years she was short of breath on effort, 

and from the age of twenty-four years she was troubled by palpitation. When she 

was tweut3’-six 3’oars old, following unusual exertion, she had ver3' severe and 
persistent dy'spnea, palpitation and weakness. These S3’mptoms persisted in spite of 
ten da3’s’ rest at liome and led her to enter the New York Hospital (in October, 
1919 ). At this time it was noted that she was poorb^ dcveloimd and nourished, 
d3'spneic and c3'anotic. The apex impulse was at the anterior axillar3’ line; the 
heart rate was rapid and the rh3’thm totally irregular; a long rumbling diastolic 
murmur was heard. With rest and digitalis the patient improved and was discharged 
after one month. The record of this admission contains no detailed description of 

the shape of the chest or of the signs over the lungs. 

For the next ten 3-ears the patient attended the out-patient department and took 
enough digitalis to control her ventricular rate. During this time she was some- 
what d3'spneie but was able to do clerical work for seven 3-ears, and after her 
marriage at thirty-three 3-ears to do her housework without undue fatigue. She 
never became pregnant. 

In March, 1929 , she was readmitted to the liospital because of nervousness and 
palpitation of Hvo months’ duration. The diagnosis at this time was rheumatic 
heart disease, mitral stenosis and insufficienc3-, enormous dilatation of the left auricle 
and auricular fibrillation. Shortl}- after her admission the following note was made 
b3- Dr. Conner : ‘ ‘ Patient has the ver3' small slender frame witli poor musculature 

seen in so main- women with mitral stenosis. Striking change in configuration of 
chest with increase in the anteroposterior diameter. Orthopnea, some c3-anosis of 
Kps and cheeks. Apex beat very- diffuse but felt best in the sLxth space in the 
anterior axillary- line. Dullness 4.5 cm. to right and 10 cm. to left. Sharp sy-stolic 
impulse followed at apex by- diastolic thrill; no pulsation or thrill at base. Apical 
first sound very- sharp and followed by- a loud sy-stolic murmur, a.fuint second sound 
and an early- diastolic rumble. No distinct accentuation of P,,. In right axilla a 
faint but distinct sy-stolic impulse is felt, and the two heart sounds are heard 
faintly-. Action fairly- slow and totally- irregular. Over right lung in front per- 
cussion note distinctly- hy-perresonant as far out as anterior axillary- line where dull 
tympany- is heard, becoming dnU in midaxilla. Behind, moderate impairment of 
resonance in interscapular region and below angle. Over this region vesicular mur- 
mur is very- much less distinct than on left side. Exaggerated vesicular murmur in 
front. ’ ’ The liver and spleen were not palpable and there was no e'dema. 

The x-ray- films (Pig. 1 ) showed enormous dilatation of the left auricle, and on 
fluoroscopic examination the barium-filled esophagus was seen to curve backward 
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around the auricle. There was no delay in the passage of barium through the 
esophagus. Electrocardiogram showed right axis deviation and some slurring of 
QES. Blood pressure was approximately 140/60 mm. Hg. Blood Wassermann 
reaction was negative ; blood count showed slight secondary anemia. XJrine showed 
an inconstant trace of albumin. 

After a month in the hospital the patient returned to her home, remained in her 
usual health for six months and then died rather suddenly. The exact mode and 
cause of death could not be ascertained. 

Case 2. — A schoolgirl, native born of German parents, was under observation 
from the age of thirteen years until her death at nineteen years. At the age of 
four years she had a febrile attack with joint pains, called “grippe.” At the age 
of eight years she had pertussis and at that time was said to have heart trouble. 
She had no other rheumatic attacks, no chorea, no tonsillitis, indeed no acute 
illness. When she Avas thirteen years old, it was noted that she had signs of mitral 
stenosis and an unusually large heart. A few months later the rhythm became 
totally irregular, and the patient was admitted to the New York Hospital (in 
November, 1924). 



Pig. 1. — Case 1. Teleroentgenograms taken in March, 1929, 

(a) Anteroposterior view showing the great cardiac enlargement with the shadow 
of the left auricle extending to the right of the heart almost to the chest wall. 

(b) Lateral view showing the large heart filling the space between spine and 
sternum and the increased depth of the chest. 

At this time the apex impulse was in the sixth space and the cardiac borders, as 
determined by percussion and by x-ray examination, extended 10 cm. to the left and 
6 cm. to the right of the midline. The rhythm was irregular. The first sound at 
the apex Avas sharp and Avas preceded by a rumbling diastolic murmur. Electro- 
cardiogram showed auricular fibrillation, right axis deviation and no abnormality of 
the ventricular Avaves. Quinidine restored sinus rhythm temporarily, but fibrillation 
promptly reapj)eared, and the patient Avas discharged on maintenance doses of 
digitalis. In June, 1925, she stopped taking digitalis and was readmitted to the 
hospital because of cardiac decompensation. The heart Avas slightly larger than it 
had been nine months earlier, but there were no new findings. After a month in 
the hospital the patient Avas sent to a conA-aleseent home, and in November, 1925, 
she Avas admitted to the children’s cardiac clinic. She attended this clinic irregularly 
until her death in January, 1931. A Christian Scientist, she “did not believe in 
taking medicine,” and for AA'eeks at a time omitted the digitalis or took less than 
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the close ordered with tlie result that lier ventricular rate was rapid much of the 
time. During these years she attended school and later a workshop for Class II 
cardiac patients; she helped with the housework and from time to time she experi- 
mented with various outside activities such as dancing and working as clerk in a 

shop during afternoon and evening hours. She was always short of breath on 

exertion and always unwilling to curtail her activities. Apart from an occasional 

cold or mild attack of bronchitis she had no illnesses; she had no edema of the 

ankles, no swelling of the liver or other evidence of congestive heart failure; she 
never complained of hoarseness or of d 3 'sphagia. 

During the j’ears that she was under observation there was an interesting and 
progressive change in the plij-sical signs. In she was a flat-clicstcd little girl; 

in 1926, she looked “round-shouldered,” and it was noted that this appearance was 
caused bj' an increase in the antcropo-stcrior diameter of the chest. This increased 
until it exceeded the transverse diameter. In Afarch, 1928, the apex impulse was in 
the sixth space in the midaxillarv line; dullness extended from the left axilla to 



(a) (I') 


Fig'. 2. — Case 2. Teleroentgenogi-ams taken In Jlarcli, 1928. 

(a) Anteroposterior view showing the characteristic sliape and enormous size of 
the heart. The haziness of the right costoplirenic angle is due to tlie breast shadow. 

(b) Lateral view showing the great increase in tlie distance between sternum and 
vertebral column. 

6 cm. to the right of the midline. Over the right chest there was dull tympany 
anteriorly and posteriorly with dullness in the axilla, where in the fourth and fifth 
spaces there was a distinct systolic impulse, easily palpable and recorded on polj'- 
graphic tracing. At the apex the first sound was sharp, preceded bj^ a diastolic 
rumble and followed by a systolic blow; the second sound was tapping. At the base 
the second pulmonic sound was accentuated. The heart sounds and murmurs were 
heard over the left chest posteriorlj’’ and in the right axilla. Fluoroscopic examina- 
tion showed a greatly enlarged heart with the shadow of the left auricle extending 
backward, as seen in the first oblique position, and to the right almost to the chest 
wall. A year later the anteroposterior diameter of the chest, as measured with a 
pelvimeter, exceeded the transverse diameter; cardiac dullness extended 4 cm. to the 
left in the second space and reached the midaxilla in the fifth and sixth spaces; 
on the right it extended 6 cm. in the second space, S cm. in the third, 9 cm. in the 
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fourth and to the axilla in the fifth. There ivas also dullness in the third and 
fourth spaces in the right axilla with dull tympany in both interscapular regions 
and at both bases posteriorly. Over the area of dull tympany the breath sounds 
were diminished and the heart sounds were heard. There was little change in the 
patient’s condition until the fall of 1930 when, Giving to unusual stress at home, 
she became exhausted and had increased dyspnea. Late in December she caught 
cold and had a very troublesome cough. This cough kept her awake most of one 
night, and the next day she became acutely dyspneic and cyanotic and died rather 
suddenly. On the day of her death the heart signs were as they had been except 
that the rate was very rapid; bubbling rales were heard over the entire chest; there was 
no edema of the extremities. An autopsy was not permitted. 

COMIMENT 


111 each of these cases the most strildng feature of the physical ex- 
aminatiou was the great increase in the anteroposterior diameter of the 
chest, and, in the absence of other factors which might explain this 



Fig:. 3. — Case 2. Appearance of patient In October, 1930. Note the bulging of the 
precordial area, the asymmetry of the breasts, the poor muscle development and par- 
ticularly the increase in the anteroposterior diameter of the chest. 


deformity, it was believed that the change in the contour of the chest 
was secondary to the great enlargement of the heart. The change in 
the shape of the chest was so remarkable that for a period of about two 
years every child attending the children’s cardiac clinic at the New York 
Hospital was examined for chest deformity, and in most eases measure- 
ments of the anteroposterior and transverse diameters were made and 
recorded. Many children shoived asymmetry, bulging of the precordial 
area or old rachitic deformities, but no other ease showing any such 
increase in the anteroposterior diameter as is described here was dis- 
covered. Nor was there discovered another case of extreme dilatation 
of the left auricle. 
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In reviewing the reported eases of extreme dilatation of the left 
am-iele it would seem that the usual factors responsible for this condi- 
tion are an incompetent . mitral valve, disease — probably rheumatic in 
most eases — of the wall of the left auricle with subsequent fibrous re- 
placement of muscle tissue, auricular fibrillation and a fox’ceful left 
ventricle. Usually there is a liieumatic history but not a history of 
repeated rheumatic episodes with progre.ssive cai’diac damage, and in 
most cases the functional capacity of the ixaticnt has been remarkably 
good for a number of years, indicating that the left ventiiele was suffi- 
eiently forceful to maintain fair compensation in spite of great mechan- 
ical disadvantages. Under these eireumstanees the left auricle becomes 
an enoi’mously dilated sac filling the retrocardiac space and extending 
to the left and right. With each .systole this sac transmits the force 
of the left ventricle, a pressure of perhaps 120 mm. Hg or more. If 
the conditions occur in a young person with an elastic chest, this ex- 
pansile pulsation might easily force the sternum and the spine away 
from one another and so cause the defoi’mity here described. This 
deformity may he an advantage in that the great increase in the antero- 
posterior diameter of the chest may explain the absence in these patients 
of the pressure symptoms commonly associated with extreme dilata- 
tion of the left ani'icle. 

SUJIAIARY 

Two additional eases of extreme dilatation of the left auricle are 
reported. In history, physical sigais and x-ray findings these closely 
resemble the other cases reported in the literaUtre.*' They are remark- 
able, however, in that each showed a pronounced change in the con- 
figuration of the thorax. This change was believed to be secondary to 
the enlargement of the heart, the result of pressure exerted by the left 
ventricle through the dilated left auricle. It is believed that the in- 
creased depth of the chest explains the absence of those pressure symp- 
toms which are often associated .with extreme dilatation of the- left 
auricle. 
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ON THE SIONIPICANCE OP THE JUGULAR PULSE IN THE 
CLINICAL DIAGNOSIS OP VENTRICULAR TACHYCARDIA^ 

Myron Prinzmetal, ]\I.D., and Prederick Kellogg, M.D. 

San Prancisco, Calif. 

paroxysmal ventricular tachycardia is not so rare as was for- 
A merly supposed. Since 1909, Avhen Lewis^ reported the first case, 
about seventy acceptable cases have been described. It is important to 
differentiate ventricular from auricular tachycardia because of the dif- 
ference in prognosis and treatment. Paroxysmal auricular tachycardia 
is often a mild functional disorder without underhung cardiac disease. 
Although ventricular tachycardia may also occur in the absence of 
severe cardiac disease, it is usually associated ivith grave cardiac dis- 
ease. The avei’age duration of life in four-fifths of sixty-five eases of 
paroxysmal ventricular tachycardia collected b.v Strauss® Avas only 
tAventy-four days. 

ELECTROCARDIOGRAPHIC AID IN DIAGNOSIS 

Most Avriters have considered an electrocardiogram indispensable for 
the diagnosis of ventricular tachycardia. The generality accepted criteria 
for diagnosis are outlined beloAv: 

1. The complexes must be of the ventricular form, i.e., similar to a 
A’’entricular premature beat and distinctly abnormal in form. LbaaIs 
has shoAAui that this alone is insufficient for the diagnosis, as aberrant 
A^entricular complexes may folloAv impulses arising in the auricles or 
junctional tissues, especially if the rate is increased. 

2. EAudence of auricular actmty occurring at a rate different from 
that of the A^entriele is sufficient to make the diagnosis. 

3. The onset of a paroxysm Avithout evidence of auricular actiAuty, 
preceding the first A'^entricular comjilex, is diagnostic. 

4. A tacliycardia of the A’-entricular form AAdiich occurs in the pres- 
ence of long-standing auricular fibrillation is good eAudence for the 
diagnosis. 

The first criterion mentioned above must ahvaj^s be present and 
must be supplemented by one of the others. A presumptive diagnosis 
may be made (1) if the termination of the paroxysm is folloAved by a 
compensatory pause identical A\nth that found after a ventricular pre- 
mature beat, or (2) if A’^entrieular premature beats of similar form to 

*FVom the Department of Medicine, TJniver.sity of California Medical School, San 
Francisco. 
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ventricular complexes seen in the paroxysm have been found, or (3) 
if the ventricular rate varies slightly. 

CLINICAL DIAGNOSIS 

strong and Levine^ and Levine‘‘ pointed out that in some cases a 
clinical diagnosis of ventricular tachycardia can be made. They found 
that in ventricular tachycardia the first cardiac sound varied in in- 
tensity in definite cycles and that there Avas a slight irregularity in 
rate; in auricular tachycardia, on the other hand, the sounds Avere of 
equal intensity and occurred at regular inteinmls. Levine suggested 
that the variations might be due to auricular activity. Moreover, pres- 
sui’e on the Amgus, carotid sinus, or eyeballs, AAdiich has been found 
ineffeetiAm in ventricular tachycardia, often altered auricular tachy- 
cardia. With these criteria, LeA'ine made the correct clinical diagnosis 
in seA^eral cases. 

In 1923, Gallavardin" took a jugular pulse tracing simultaneously 
Avith an electrocardiogram in a case of paroxysmal Amntricular tachy- 
cardia. He Avas surprised to find regular venous Avaves occuri’ing at a 
rate less than half of the venti-ieular rate. These Avaves varied in inten- 
sity Avithout relation to respiration. He recognized the clinical value 
of this obsei'Amtion and stated that if a jugular tracing or inspection 
of the jugular veins shoAved a I'ecurring impulse coming at a rate about 
half that of the arterial rate, and if the pulsations shoAved variations 
in intensity not related to respiration, a diagnosis could be made of 
paroxysmal ventricular tachycardia Avith conservation of the normal 
auricular rhythm. In his later papers no further mention is made of 
the use of this sign clinically. 

Allan® and Fischer^ also haA^e published tracings of the jugular pulse 
Avith simultaneous electrocardiograms in cases of A^entricular tachycardia 
AAdiich likcAvise shoAved a sloAver auricular rate as manifested by the 
jugular pulse tracing. HoAimver, these authors failed to stress this 
sloAA'^er jugular pulse rate as a useful clinical sign. 

In vicAV of our findings in the folloAving case and of a revieAv of the 
reported eases of proved ventricular tachycardia, it is proposed that 
a jugular pulse rate sloAver than that of the A’^entricles represents a 
sign by Aidiich a positive clinical diagnosis can be made in many cases. 
The mechanism of this sign is Avell knoAAui, but its clinical value has 
not been generally appreciated. It is recognized that during ventricular 
tachycardia the auricles may be beating independently or that retro- 
grade rhythm may be present Avith or Avithout block. If the auricular 
rate is sloAimr than the A^entricular rate, pulsations at this sloAver rate 
should be visible in the jugular vein. That is, the jugular pulse rate 
Avill be sloAver than the apical or radial rate. 

Tavo factors serA^e to make the jugular pulsations prominent: first, 
the venous pressure is usually increased in ventricular tachycardia; 
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and second, since tlie ventricles are beating so much faster, the right 
auricle ivill fi'equently be contracting against a closed tricuspid valve, 
thus causing stasis waves in the great veins. The diagnostic value of 
the jugular pulse in ventricular tachycardia was noted in tlie follow- 
ing case. 



Pig-. 1. — Electrocardiogram showing Leads I, II and III respectively. Definite evidence 
of auricular activity cannot be made out. 



Pig. 2. — Simultaneous jugular pulse tracing and electrocardiogram (Lead II). 
Tlie jugular tracing is inverted, so that a-waves are negative. Auricular complexes 
cannot be made out definitely in the electrocardiogram. 

The diagram Indicates the ventriculo-auricular rhythm (retrograde conduction 
5:3 block). The auricular beats are shown in strip A, each beat corresponding 
the beginning of an a-ivave in the jugular tracing. Tlie ventricular beats, correspona- 
Ing with tlie onset of the A'entricular complexes in the electrocardiogram, are sliimn 
in strip V. The solid oblique "tie” lines show unblocked impulses passing froyi 
trlcle to auricle (the dotted "tie” lines indicate alternate possibilities). ^*'9. 
tricular rate siiows a slight irregularity. The auricular rate shows a definite ir- 
regularity which repeats itself everj- three beats, and the period occupied by tliiee 
auricular beats corresponds, throughout, almost exactly to the period occupiea dj 
five corresponding ventricular beats. 
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CASE REPORT 

A tMrty-four-year-old male* entered the University of California Hospital -with 
an obvious paroxj^smal tachycardia wMeh had started four hours before. He had 
enjoyed comparatively good liealth except for numerous similar attacks in the previous 
four years. On examination, the patient was seen to be cyanotic and orthopneic. 
His heart was slightly enlarged to the left and was beating mth an apical rate of 



Fig. 3. — Electrocardiogram sliowing Leads I, II and III taken at another time. 
Evidence of auricular activity occurring on alternate ventricular complexes is clearly 
shown in Leads II (probable retrograde conduction with 2:1 block). 



Pig. 4. — Electrocardiogram showing Leads I, II and III respectively after the 
tachycardia. 


about 195 per minute. No irregularity in lime or intensity of the first sound was 
detected. The jugular bulb and vein were pulsating distinctly at a rate of 115 per 
minute. The pulsations were obviously stasis waves and the veins were full even in 
the upright position. Since the ventricles were beating more rapidly, these waves 
were assumed to be due to auricular activity at a slower rate. This could not 
occur in auricular tachycardia, and therefore a diagnosis of ventricular tachycardia 

*This paUent was Case 1 in the report by Sampson and Anderson^ on the treat- 
ment of cardiae arihythmias with potassium salts. 
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was made. Tlic electroeardiogram (Fig. 1), which showed a slight irregularity in 
rate, did not show evidence of auricular activity (P-waves) at this time, and there- 
fore a ijositive diagnosis by this means was not possible. The .'jugular pulse tracing 
(Fig. 2) showed definite a-waves occurring with an irregularity which repeated itself 
every three beats. The period occupied by each three auricular beats was of the 
same length as the period occupied by five ventricular beats. In other words, as 
shown by the diagram, a retrograde rhythm with a net a: 3 block was present. At 
this time, therefore, the .jugular pulsations wei'c necessary to make a definite 
diagnosis of ventricular tach.ycardia, which would have been impossible to make 
from the electrocardiogram alone. At another time an electrocardiogram (Fig. 3) 
of this patient did .show evidence of auricular activity at a rate slower than the 
ventricular rate (probable retrograde rhythm with 2:1 block). Fig. 4 shows the 
electrocardiogram of this patient following the tachycardia. 

liaiitatio*n:s of tmic sign 

This sign, the slower .ingular pulse, has definite limitations Avhieh, 
fortunatel.v, can he determined at the present, time b.v a. review of the 
reported cases. The sign is valueless in eases with coexisting auricular 
fibrillation; in cases in which the auricles are heating as rapidl.v as the 
ventricles (only one such proA’ed ease on record, [Scott]) ; and in the 
rare ease of nodal tachycardia^ in which this sign might also he pres- 
ent. The sign would he valuable, however, in many instances (as in 
the ease reported) when the electrocardiogram fails to show evidence 
of slower auricular aetivit.v, and when, as is usually the case, the onset 
of the iiaroxysm is not recorded. In these cases a clinical diagnosis, 
might he made which would he impossible to make from the electro- 
cardiogram alone. If, as Levine suggests, irregularities in the first 
cardiac sound are due to auricular aetivit.v, the same limitations would 
apply to his sign. 

ANALYSIS OF CASES 

Including our own, Ave have anal.yzed sixt.A’-eight imported cases of 
proAmd paroxysmal Amntricular tach.Amardia, Avhicli are tabulated in Table 
I AAdth respect to the state of the auricles. A number of cases, many of 
AA'hich might haAm been paroxysmal auricular tachycardia AAOth aberra- 
tion of the Amiitricular complexes, Avere re.iected as not fulfilling the 
criteria outlined aboAm. 

Of the sixty-eight cases there Avere ten diagnosed by recording the 
onset of the paroxysm, in AAdiieh the state of the auricles could not be 
determined. Of the remaining fifty-eight, auricular fibrillation, or oc- 
casionally flutter, Avas present in tAvent.A’'-one. Of the remaining thirt.A'- 
seven, there Avas only one ease of Amntricular tachycardia Avith a retro- 
grade 1 :1 rh.ythm. An independent auricular rh.ythm Avas present in 
tAventy-flAm eases, and eight eases shoAved retrograde rlijdhm Avith partial 
block. Three cases shoAAnd auricular complexes occurring more sloAAdy 

•So far as known, ventricular tachycardia cannot bo disting-uished from nodal 
tachycardia witli aberration of tlie ventricular complexes. 
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Total 


21 


1 

1 


25 


Cases in which sign would be absent 

Cases in which, sign should be present 

Cases in which status of sign is not known. 


22 


36 


10 


10 


than the ventricular complexes, though the exact auricular rhythm could 
not be determined. Thus in thirty-six out of the fifty-eight eases in 
■which it was possible to determine tlie auricular rhythm, it should have 
been possible to diagnose ventricular tachycardia by the jugular pulse. 

If the onset of the paroxysm had not been recorded, an accurate 
electrocardiographic interpretation would have been impossible in ten of 
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the reported eases. Moreover, in our case, it was not possible to make a 
positive diagnosis from the first electrocardiogram. Consequently, there 
are probably a number of cases of ventricular tachycardia which cannot 
be differentiated electroeardiographically from auricular tachycardia 
with aberration of the ventricular complexes. 

The presence of jugular pulsations occurring more slowly than the 
apical rate would be a valuable aid in the diagnosis of such cases. How- 
ever, a jugular pulse at the same rate as the apical rate would not rule 
out ventricular tachycardia, as a 1:1 retrograde rhythm might be 
present. 

SUMMARY AND CONCLUSIONS 

1. Paroxysmal ventricular tachycardia may often be differentiated 
clinically from auricular tachycardia when jugular pulsations at a slower 
rate than the apical rate are present. 

2. A ease is reported in which a diagnosis of paroxysmal ventricular 
tachycardia could not be definitely made from the electrocardiogram, but 
in which the diagnosis was made by the presence of jugular pulsations. 
It is suggested that there may be many similar eases in which this clin- 
ical sign alone could make a positive diagnosis, or in which it would be 
a necessarjr supplement to the electrocardiogram in diagnosis. 

3. During ventricular tachycardia the most common auricular 
rhythms in the order of frequency are: an independent rhjdhm, auric- 
ular fibrillation, and retrograde rhythm with partial block. 

4. The sign discussed in this paper has limitations but is applieable 
to about two-thirds of the reported cases. The eoexistence of auricular 
fibrillation is the only important condition which renders the sign value- 
less. 
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THE CREATINE CONTENT OP THE JLYOCARDlUiM OF 
NORMAL AND ABNORMAL IILDFAN HEARTS"^ 

Doxai.d W. Co^YAx, M.D. 

Iowa City, Iowa 

TT IS the general belief today that the immediate cnei-gy for the coii- 
A tractile process of skeletal muscle is deilved from the breakdown of 
pbospbocreatined This view has been extended recently by Clark, 
Eggleton and Bggleton- to include the coni i-ael ion of cardiac muscle. 

Because of the ra])id breakdown of ])bosphoci-ea1ine after the death of 
a tissue, it is Ycry difticult to .study the eoncenti-ation of this substance in 
human muscle. Creatine alone, howcYcr, is relatiYcly .stable and there- 
fore can be e.stimated with little difficulty. 

Skeletal muscle shows a decrease in creatine content in several path- 
ological conditions accompanied by muscular weakness.*''''’ As jMyci-Sj.in 
his recent reriew,"’ stated : “The potential muscular efficiency appears to 
depend upon the creatine content of the muscle. ...” 

The work herein jn'esented was carried out to test whether this gen- 
eralization would hold true in the case of the myocardium. Relatively 
few reports are available concerning the creatine content of the human 
lieail, and these apparently deal only Avith the normal. 


AIATERIAI.S AXD METHODS 

Portions of left ventricular myocardium were obtained from SO cases coining 
to autopsy at the University of Iowa Hospitals. These cases, although not consec- 
utive, were not selected : the diagnosis in each case was unknown to me until after 
the analyses were completed and the results computed. Approximately the same 
part of the ventricle was used in each ca.se in order to avoid possible errors due to 
differences in creatine content of the various parts of the musculature. 

The following method of preparing the samples was adopted: The fresh piece of 
tissue was placed upon a piece of filter paper, and a rectangular block was cut from 
it entirely devoid of epicardium, endocardium, and papillary nniscle. After this 
block had been blotted free of blood and moisture, its two ends were sliced off and 
discarded. Then it was divided into three approximately equal portions each of 
which had thus been dried to an equal degree. These portions were immediately 
placed in weighing bottles and weighed. Two were used for duplicate creatine 
analysis; the third was dried in an electric oven at 100° C. to constant weight. 

Obviously this method of determining the water content may not allow accurate 
comparison of the water-solid ratio of two different hearts jirepared separately, 
however, it does indicate accurately' the water content of the pieces from the same 
block which were used for creatine determinations. Thus the creatine contents can be 
listed in comparable values. 

*From the Department of Physiologj-, State University of Iowa, College of Medicine. 
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Creatine was measured as creatinine according to the method of Eose, Helmer and 
Chanutiiijii and is reported in terms of creatine. There was an average difference 
of slightly more than 3 per cent between duplicates. 

RESULTS 

Of the 80 hearts used in this investigation, 48 are classified here as 
normal, IT as decompensated hearts, and the remaining 15 fall into a 
miseellaneons group. 

Normal Hearts 

Included in this group are the hearts from patients with proved diag- 
noses of pneumonia, empjmma, lung abscess, bronchiectasis, tuberculosis, 
carcinoma of the bronchus, pulmonary embolism, otitis media, mastoid- 
itis, lateral sinus thrombosis, cerebral hemorrhage, skull fracture, brain 
tumor, meningitis, encephalitis, neurosyphilis, septicemia, carcinoma of 
various parts of the digestive tract, duodenal ulcer, intestinal obstruc- 
tion, strangulated hernia, peritonitis, cholecystitis, toxic necrosis of the 
liver, pancreatitis, uremia, urinary tract infection, nephritis, carcinoma 
of the bladder, carcinoma of the cervix, carcinoma of the breast, carci- 
nomatosis, actinomycosis, cellulitis, pemphigus, osteomyelitis, extensive 
burns, severe hemorrhage, pernicious anemia, diabetes, Hodgkin’s dis- 
ease, lymphoblastic lymphoma, and amyotrophic lateral sclerosis. 

Strictly speaking, the hearts from many of these cases could not be 
called perfectly normal from an anatomical point of view. In fact, if all 
hearts showing slight cloudy swelling, slight brown atrophy, or sclerosis 
of the proximal coronary arteries Avere excluded from this normal group, 
only a fcAA' AAmuld remain. As it is, all hearts Avhich gave no clinical 
symptoms, as far as could be ascertained from the records, Avere included 
in this group unless they presented rather marked gross or microscopic 
anatomical changes. The results of the analyses of the 48 normal hearts 
are summarized in Table I. 


TABtiE I 


Eortt-Eight Normal Hearts 



MEAN 

STANDARD 

DEATATION 

Creatine, mg. per cent of moist weiglit 

202 

37 

Water, per cent 

79.17 

1.04 

Creatine, mg. per cent of dry weight 

971 

16.1 

Comparable creatine,* mg. per cent 

194 

33 


♦The comparable creatine value is the creatine content of moist tissue based upon 
an arbitrary standard water content of 80 per cent. It is obtained by dividing the 
dry weight value by 5. 


The standard deAuation for the comjiarable creatine in this table indi- 
cates very good agreement among the individual samples. There Avere 
a feAv cases in this group, liCAA'^eAmr, in AAfiich there Avas considerable 
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deviation from the mean. These cases are listed liere in detail. Perhaps 
further work vdll indicate why they are so different from the rest in 
regard to creatine content. 


COMPARABLE 

SAMPLE NO. DIAGNOSIS CREATINE, MG. 

PER CENT 

7 Prostatic liyperpiasia. Gliroiiie bilateral ureteritis and pyelo- 117 

nephritis. Acute gangrenous cystitis. Acute uremia. Bron- 
cliopneumonia. Streptococcus septicemia. 

63 Carcinomatosis: Breast, regional nodes, mediastinum, liver, 117 

retroperitoneal nodes, adrenals. 

51 Malignant lymphoma, lymphoblastic type. Lateral sinus 134 

thrombosis. Septicemia. Secondarj’ anemia. BME = 

+20.9%. Heart: Some coronary sclerosis and brown at- 
rophy. 


Influence of Sex . — That there is no difference in creatine content of 
the heart of the two sexes is shoAvn in Table II. 

Table II 


Influence op Sex on the Creatine Content op the Normal Heart 


SEX 

NUMBER OF 

CASES 

COMPARABLE CREATINE 
jMG. per CENT 

Male 

30 

193 

Female 

18 

196 

Total 

48 

194 



comparable 

SAMPLE NO. 

DIAGNOSIS 

CREATINE, MG. 



PER CENT 


3 Cellulitis, right arm. Streptococcus septicemia. General 144 

sepsis. Bronchopneumonia. Arteriosclerosis. Heart: Some 
coronary sclerosis and brown atrophy. 

39 Carcinoma of the transverse and sigmoid colon. Intestinal 244 

obstruction. Pecal fistula. Thrombophlebitis, right iliac 

vein. Pulmonary emboli. Septicemia. Heart: Some brown 
atrophy. 

40 Malignant lymphoma, Hodgkin’s type. Bronchopneumonia. 244 

Arteriosclerosis. 

18 Carcinoma of the cervix. Gangrene of the pelvic organs. 251 

Hydronephrosis and hydroureter. Uremia. Generalized ar- 
teriosclerosis. Heart: Some brown atrophy. 

17 Acute and chronic cholecystitis with stones. Choleeystodu- 262 

odenal fistula, perforation of gallbladder. Acute intestinal 
obstruction. Acute gangrenous ileitis, generalized peritonitis. 
Diabetes mellitus. Generalized arteriosclerosis. Heart: Some 
brorni atrophy and cloudy swelling. 


Influence of Age . — The ages of the individuals in the normal group 
ranged from five months to sixty-nine years. Contrary to the findings in 
skeletal muscle, in which young individuals have lower creatine con- 
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tents, tliere is no apparent difference in cardiac creatine at different ages 
(Table III). 

Table III 


Influence of Age on the Creatine Content of the Normal Heart 


age 

NUMBER OF 

GASES 

comparable creatine 

MG. PER CENT 

Under 1 year 

1 

203 

1- 9 inclusive 

4 

194 

10-19 inclusive 

none 


20-29 inclusive 

6 

177 

30-39 inclusive 

9 

195 

40-49 inclusive 

6 

195 

50-59 inclusive 

11 

204 

60-69 inclusive 

11 

192 

Total 

48 

194 


Decompensated Hearts 

There were IT cases that showed evidence of cardiac decompensation 
either clinically or at post-mortem examination. Some of these were 
frank insufficieneies, obviously the cause of death, while other cases were 
only mildly decompensated. This group is made up mostlj’’ of hyper- 
tensive hearts, rheumatic valvular hearts and nephritic hearts. There 
was one case of pernicious anemia with brown atrophy and resulting 
heart failure. There was one case of chronic adliesive pericarditis with 
failure. Table IV is a summary of the results found in this group. 


Table IV 

Seventeen Decompensated Hearts 


Creatine, mg. per cent of moist weight 
"Water, per cent 

Creatine, mg. per cent of dry weight 
Comparable creatine, mg. per cent 


MEAN 


STANDARD 

DEVIATION 


117 

79.47 

720 

144 


37 

0.87 

185 

37 


In comparing these results tvitli those foimd in the normal cases, it is 
seen that the creatine content of the decompensated hearts averages 50 
mg. (25.8 per cent) lower than the normal. Statistically it is found that, 
according to Fisher’s formula,^” “t” is equal to 5.1. This indicates 
that the difference between the normal group and the decompensated 
group is highly significant. 

It might be pointed out that of these 17 decompensated hearts, 6 fell 
within the normal range. The remaining 11, however, were definitely 
low, their values ranging from 92 to 152 mg. of creatine per 100 grams 
of tissue. 

The question naturally arises whether the lower creatine content of the 
decompensated heart is due to an actual decrease in the creatine of tlie 
muscle fiber itself, or to other changes which might alter the relative 
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amount of muscular tissue in tlie myocardium. It is loiown that fibrous 
tissue contains much less creatine than muscular tissue. Scarring, there- 
fore, lowers the creatine content of a muscular organ. Although great 
care was taken to avoid using portions Avhich contained gross sear tissue, 
it is obviously impossible to exclude the microscopic “patchy areas of 
scarring” in hearts which contain it. 

That the factor of increased fibrous tissue is negligible in this series, 
however, is shown by the fact that the hearts Avith scarring had a higher 
average ereatine content (153 mg.) than those in which no increase of 
fibrous tissue was reported (136 mg.). 

It is interesting to note that some of the lowest creatine values were 
obtained in deeomj)ensated hearts Avhich, aside from hyiDertrophy, Avere 
AAuthout any obA’ious pathological change, either macroscopic or micro- 
scopic. 

Miscellaneous Group 

Fifteen eases are listed here AA'hieh AA^ere not decompensated, but Avhieh 
could not be included in the normal series. They include cases AAuth 
clinical manifestations of cardiac disease, pathological evidence of myo- 
cardial damage, hypertrophied hearts (compensated), etc. 


SAMPLE NO. 

31 

11 

32 

6.5 


28 

14 

34 


29 

30 


79 


COM P.AR ABLE 

DIAGNOSIS CREATINE, MG. 

PER CENT 

Gas gangrene following perforating gunshot wound of chest. 68 
Profound shock. Sepsis. Jlyocardium shows e.vtensive de- 
generative changes. 

Tb. Nephritis. Auricular fibrillation. Ill 

Ruptured aortic, aneurysm resulting in hemopericardium. 152 
Cardiac hypertrophy. 

Diabetes. Chronic vascular nephritis. Terminal uremia. 158 
Hj’pertension. Cardiac hypertrophy. Acute streiitococcic 
pericarditis. Some scarring of myocardium, some coronary 
sclerosis. 


Renal carcinoma extending into renal vein, vena cava, and 
right auricle. Cause of death, neoplastic pulmonary embolus. 
Heart hypertrophied and dilated. 

Osteomyelitis. Septicemia. Urinary infection with retention. 
Myocardium shows cloudy swelling, fragmentation, vacuoliza- 
tion. 

Adenocarcinoma of sigmoid colon. Postoperative peritonitis. 
Septicemia. Adipositj’ of heart. (Muscle fibers separated 
bj^ numerous strands of fat cells which extend nearly 
through the entire width of the myocardium.) 

Empyema. Auricular fibrillation. 

Old rheumatic valvular heart disease (compensated) with 
auricular fibrillation, cardiac hj'pertrophy and dilatation. 
Acute endocarditis. Septicemia. Septic emboli to vessels 
and spleen. 

Chronic vascular nephritis with terminal uremia. Arterio- 
sclerosis. Hypertension. Cardiac hj-pertroplij*. Fibrinous 
pericarditis. Coronarj^ sclerosis. 


159 


159 


163 


164 

165 


172 
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42 Bronchopneumonia following fracture of femur. Septi- 173 

cemia. Thrombophlebitis. Acute vegetative endocarditis. 

Slight cardiac enlargement. 

35 Adenoma of thyroid. Septicemia. Thrombophlebitis. In- 174 

farcts of kidneys and spleen. Left cardiac enlargement. 
Auricular fibrillation. Hypertension. 

60 Carcinoma of larj-nx, udth laryngeal obstruction. Arterio- 189 

sclerosis. Hypertrophy and dilatation of the heart. Some 
scarring of the myocardium. 

41 Otitis media and mastoiditis with overwhelming septicemia; 195 

involvement of brain, kidneys, vessels, spleen, meninges, 
heart. Acute bacterial endocarditis, acute myocarditis, acute 
pericarditis. 

72 Chronic vascular nephritis. Hypertension. Cardiac hyper- 208 

trophy and dilatation. Acute parotitis. Acute pneumonia. 

Some myocardial scarring. 

Table V 


Fifteen Miscellaneous Hearts 



MEAN 

STANDARD 

DEVIATION 

Creature, mg. per cent of moist weight 

165 

30 

AA''ater, per cent 

79.68 

0.65 

Creatine, mg. per cent of dry weight 

814 

151 

Comparable creatine, mg. per cent 

163 

30 


Table V summarizes the results of the miscellaneous group. 

It is evident that the creatine content of this group falls between the 
value found for the normals and that found for the decompensated 
hearts. This is shown graphically in Chart 1. That this group has a 
creatine value which is definitely loAver than normal is shown by the fact 
that Fisher’s “t” is equal to 3.1. 

EFFECT OF SEPTICEMIA ON CREATINE CONTENT OF THE HEART 

Denis® reported that septicemia is accompanied by a loss of creatine 
from the skeletal muscles. That such is apparently not the case in 
cardiac muscle is shown in Table VI. 


Table AH 

Effect of Septicemia on the Creatine Content of the Heart 


! 

SEPTICEMIA 

PRESENT 

SEPTICEMIA ABSENT 

NUMBER 1 

OF 

GASES 

comparable 

CREATINE, 

JIG. 

PER CENT 

NUMBER 

OF 

CASES 

COMPARABLE 

CREATINE, 

MG. 

PER cent 

Normal group 

34 

I9:i 

14 

197 

Decompensated group 

9 

145 

8 

143 

Miscellaneous group 

9 

164 

6 

161 
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EFFECT OF HYPERTROPHY PER SE ON THE CREATINE CONTENT 

In the decompensated series, all but three hearts were hypertrophied. 
These three averaged 149 mg. of comparable creatine per 100 grams of 
tissue, which is not significantly different from the average for this series. 



Comparabk CreafJnB, mgm-ptrcent 

Chart 1. — Comparison of comparable creatine content of normal, decompensated, and 

miscellaneous hearts. 

In the miscellaneous series the results are as listed in Table VII. The 
difference betiveen the means in this comparison is 23. The Amlue of “t” 
in Fisher’s formula is 1.5, which is too low to show much significance; it 
indicates that there is a possibility that the hypertrophied hearts have 
a liigher creatine content as compared Avith nonliypertrophied hearts. 

TabIjE VII 

Effect of Hateutkopiia' on tub Cke.vtine Content of the He.vut 
(Miscellaneous Group) 

I NUMBER OF COMP-VRABLE CREATINE, 

I CASE.S MG. PER CENT 

9 
C 


Iljliertropliied 
Not hypertropliiecl 


172 

1-19 
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SUMMARY 

The left ventricular myocardium of 48 approximately normal human 
hearts had an average creatine content of 194 mg. per 100 grams of 
tissue, this value being based upon an arbitrary water content of 80 per 
cent. 

There were neither sex nor age differences in this creatine content. 

A few cases included in the normal group, but having creatine con- 
tents differing widely from the mean, are listed separately with diag- 
noses given in detail. 

Analyses of 17 decompensated hearts showed a significantly lower aver- 
age creatine content than normal. Sear tissue was not a significant factor 
in producing this low value. 

Fifteen abnormal, but not decompensated, hearts had an average 
creatine content significantly lower than normal, but higher than the 
values for the decompensated hearts. These are listed separately, with 
their diagnoses given in detail. 

Septicemia per se had no effect upon the creatine content of the left 
ventricle. 

An effect of hypertrophy per se on the creatine content of the heart 
was not definitely established. 

These findings suggest that the “reserve” of the heart closely parallels 
its creatine content. 

I am indebted to the Staff of the Pathology Department for making the post- 
mortem material and the records available. 
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DIABETES AND CORONARY THROMBOSIS^ 

An Analysis op Cases Which Came to Necropsy 

]\IoRRis Enklewitz, jM.D. 

New York, N. Y. 

M any reports dealing with the vascular comiilications of diabetes 
have recently been published. Of the 1,784 deaths of diabetic 
indmduals in New York City in 1930,^ more than half were due to 
cardiovaseulai'-renal disease. Particular emijhasis has been laid upon 
the frequent association of diabetes and coronary disease. In his ex- 
cellent monograph, Levine- states that diabetes has a most important 
bearing on the development of coronary thrombosis. 

Because abundant clinical and post-mortem material was available, 
it was decided to review our records and compare results with those 
of other observers. Only eases Avhieh came to necropsy were studied. 

GROUP I 

Ninety-two cases of diabetes Avere analyzed as to age, sex, and coro- 
nary artery pathology. The latter was divided into thrombosis Avith 
infarction, thrombosis alone, and slight, moderate and marked sclerosis. 
The results are shoAvn in Table I. 


Table I 


AGE 

THROMBO- 
SIS AVITH 

INFARCT 

THROMBO- 

SIS 

ALONE 

CORONARY SCLEROSIS 

NEGA- 

TIVE 

total 

SLIGHT 

MOD- 

ERATE 

JIARKED 

10-19 






1 

1 

20-29 






1 

1 

30-39 






3 

3 

40-49 

1 


2 

' O 

O 


6 

11 

;'50-59 

s 


3 

6 

7 

4 

28 

60-69 

8 

4 

7 

7 

7 

O 

35 

70-79 

5 



2 

0 

1 

13 

Total 

22 

4 

12 

18 

19 

17 

92 


There Avere 26 cases of thrombosis Avith or AA'ithout infarction (28 
per cent). Tiventy of the 26 occurred in the 50-69 year age group. 
Tlie aA'^erage age of these 20 Avas 61 yeai’s. Thirteen Avere male and 
7 female. 

Tliere Avere 36 cases under tlic age of 50 years. Only one of these 
showed occlusion ; 30 shoAved no pathological changes in the coronal.' 
arteries. 

•From the Jloclical Division of MontcOore Hospital. New York City. 
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The average age of the entire group Avas 58.5 years. The average 
duration of the diabetes was 7 years. 

There were 19 patients Avith gangrene of the extremities, all over 
the age of 50 years. Nine had occlusion and 6 marked sclerosis of the 
coronary vessels. This Avould tend to confirm the clinical impression 
that cases Avith gangrene are very likely to have severe coronary disease. 


GROUP n 

For the purpose of comparing age and sex a group of 96 nondiabetie 
eases Avith the pathological diagnosis of coronary artery disease Avas 
then studied. The results are shoAAm in Table II. 

T.\ble II 



THROMBO- 

THROMBO- 

1 CORONARY SCLEROSIS 


age 

SIS VUTH 

SIS 

I SLIGHT 

MOD- 

MARKED 

TOTAL 


INFARCT 

alone I 


erate 



20-29 


1 




1 

30-39 




I 


1 

40-49 

4 

3 

o 

1 

o 

12 

o0-o9 

15 

2 


2 

4 

23 

’60-69 

34 

4 


2 

7 

47 

70-79 

6 

1 


1 

2 

10 

80- 


1 



1 

2 

Total 

59 

12 

*/ 

7 

16 

96 


Of the 71 eases of thrombosis Avith or Avithout infarction, 55 occurred 
in the 50-69 year age group. The aA'erage age of these 55 Avas 61 years ; 
ten Avere female. 

The average age of the entire group Avas 60 years. 

Both groups are compared in Table III. 

Table III 


50-69 Yeais 


Total number ca.ses 
Average age 
JS^umber with occlusion 
Number of eases 
Number with occlusion 
Average age (occlusion) 
Males (occlusion) 
Females (occlusion) 

.Per cent females 


DIABETIC NONDIABETIC 


92 

96 

58.5 

60 

26 

71 

63 

70 

20 

o5 

61 

61 

13 

45 

7 

10 

35 

IS 


It is evident that the majority of all our cases occurred betAveen the 
ages of 50 and 69 years. Here, too, Avere found the greatest number 
Avith occlusion. 

The average age of both groups Avas about the same, and Avas ex- 
actly the same in the cases of occlusion occurring in the 50-69 year age 
group. 
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Oeclusiou oeeuiTed more frequently in diabetic than in nondiabetie 
females (35 to 18 per cent). 


GROUP III 

One hundred diabetics past the age of 40 years were studied to deter- 
mine the extent of vascular changes in heart, Iddneys, aorta and ex- 
tremities. Results are shomi in Table IV. 

Table IV 

CASES 


Coronary occlusion 34 

Coronarj’ sclerosis 45 

Atherosclerosis of aorta 79 

Arteriosclerosis and arterioloselerosis of kidneys 70 

Gangrene of extremities 19 

Hypertension 44 


Levine^ found that 34, or 23.7 2 ier cent, of a total of 145 cases of 
coronary occlusion had diabetes or glycosuria. Twelve of the 34 Avere 
females (35 per cent). Of the remaining 111 nondiabetics, 22 AA'ere 
females (about 20 iier cent). Here our figures agree quite closely. 
The average age of his diabetics AA^as 58.1 years, and for the entire 
group it Aims 57.8 years. 

Warren® examined the hearts of 282 diabetic cases and found 34 
eases of thrombosis with infarction. Nine AA'ere fresh, 18 healed and 
7 fresh and healed. For the 18 cases of healed infarcts, tlie average 
duration of the diabetes AA'as 12.5 years and the average age 63.7 years. 

Gibb and Logaii'^ in revieAving 147 diabetic autopsies found myo- 
cardial infarction in only 11 cases, all in patients over the age of 40 
years. 

Among 55 autopsied diabetics Root® found coronary sclerosis in 33 
eases. 

Wilder® examined the hearts of 49 diabetic patients aaIio came to 
post-mortem examination and found tliat 17, or 34 per cent, shoAA'ed 
coronary selei’osis. 

Of 77 necropsies on diabetic patients, Blotnei” reiiorts that 35, or 
45 per cent, shoAved abnormal coronary A'essels. Coronary thrombosis 
occurred in 8, or 23 per cent, of the 35 cases. TAA'enty-eight of the 35 
cases Avere in the sixth, seA'enth and eighth decades. 

Warren and Root® report their findings in 26 autopsied cases of 
diabetes. Ten, all oA'er the age of 48 years, had coronaiy sclerosis. 
Of 17 patients OA'er 40 years, 4 had myocardial infarcts and 5 extreme 
sclerosis of the coronaiy A'essels. 

Nathanson® revicAvs 100 necropsies of patients aaIio had suffered from 
diabetes. Of 26 beloAv the age of 50 years only 2 show coronary dis- 
ease. Of 74 cases OA'er 50 years, 39, or 52 per cent, sIioaa' coronary 
inA'olvement. 
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GROUP IV 

To determine the relative frequency with which coronary occlusion 
occurs in diabetics and nondiabetics, we reviewed 594 consecutive autop- 
sied cases whose ages ranged between 50 and 69 years. The results 
are shown in Table V. 


Table Y 



DIABETIC 

NONDIABETIO 

Number of cases 

74 

520 

Number with coronary occlusion 

23 

77 

Percentage with coronary occlusion 

31 

16 


Of 100 cases with coronary occlusion, 23 were diabetic. This com- 
pares favorably with Levine ’s^ 23.7 per cent. The incidence of occlu- 
sion was twice as great in our diabetic group. We fuUy recognize the 
dangers of comparing so small a group with the much larger nondia- 
betic group. However, we feel quite certain that coronary occlusion 
is more common in diabetics. Blotnei*" reports an incidence of 45 per 
cent in diabetics as compared with 21 per cent in nondiabetics above 
the age of 40 years. His findings relate only to coronary sclerosis. 
Nathanson® gives the following figures for individuals past the age of 
50 years; coronary disease in diabetics 52 per cent; in nondiabetics 
8 per pent. 

The greater incidence of coronary disease in diabetic as compared 
with that in nondiabetic women may be explained partly by the more 
frequent occurrence of diabetes in females. Wendt and Peck^® studied 
1,073 cases of diabetes and found among them twice as many females 
as males. This was particularly true of the group between 40 and 
60 years. 

DISCUSSION 

Even if it is granted that the older diabetic patient presents the 
picture of extensive vascular degeneration, it does not at all follow 
that diabetes is an etiological factor in the production of atherosclerosis. 
Indeed, one might offer this as proof, with equal justification, that 
diabetes is a manifestation of atherosclerosis. The introduction of in- 
sulin has caused us to alter many ancient concepts concerning diabetes. 
Yet the dogma that the abnormal metabolism found in diabetic indi- 
viduals favors or hastens the production of atherosclerosis is as widelj’’ 
adhered to as ever. When one examines the scanty evidence upon 
which this belief is founded, one cannot help but marvel at the uni- 
versal acceptance accorded this view, 

Joslin^i has championed the Aschoff modification of Virchow’s im- 
bibition theory of arteriosclerosis. It is believed that there is a fatty 
deposition in the wall at the site where vessels are under physiological 
strain. The fats are derived from the greater concentration of lipoids. 
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especially cholesterol esters, in the plasma. Josliii^- states that the 
evidence implies that the increasing incidence of arteriosclerosis in the 
diabetic individual can be cheeked and the earlier types of arterio- 
sclerosis can be overcome bj’" a diet which provides for the complete 
oxidation of fat. In a recent paper by Joslin^^ it is most interesting 
to read that ‘ ‘ one would like to saj’- that arteriosclerosis could be avoided 
or at least postponed if the cholesterol in the blood as a representative 
of all the lipids could be kept normal; and this may be true, but the 
evidence is insufficient.” 

Moschcowitz^^ Imlieves that arteriosclerosis is due to circulatory stress 
such as is caused by hypertension. He states that an increasing doubt 
has arisen as to whether experimental cholesterol arteriosclerosis repre- 
sents human arteriosclerosis. 

Despite the fact that excess of cholesterol of the blood is an excep- 
tion in uncomplicated diabetes in children,^® attempts have been made 
to establish the presence of premature arteriosclerosis in the young 
diabetic patient. Since death in the latter is a raritj^, investigators 
have had to resort to radiographic methods to demonstrate calcifica- 
tion of the vessels of the lower extremities. Morrison and Bogan'" 
reporting Horn Joslin’s clinic found that 53 per cent of 324 diabetic 
patients showed calcification of the vessels of the lower extremities. 
Critical analysis of tlieir tables reveals, however, that of 121 cases under 
the age of 40 years, only 5 are positive. There are 25 patients under 
the age of 40 years who have had diabetes for 5 years or longer, and 
only 3 of these show calcified vessels. Calcification was most marked 
in the fifth to the eighth decades. 

Kepoiding also from Joslin’s clinic, Shepardson'' examined 50 cases 
of patients under the age of 40 years Avho had had diabetes for 5 years 
or more. Eighteen, or 36 per cent, showed radiographic evidence of 
calcified vessels, an a.stonishingly high figure. We find it difficult to 
reconcile her results with those of Morrison and Bogan, iDartieularly 
as both report from the same clinic. 

White and Hunt'" found that 9 of 48 diabetic children had x-ray 
evidence of arteriosclerosis. 

Bowen and Koenig'® report on 58 cases in which the diabetes had 
been unprotected with insulin for less than 5 years. Seventeen showed 
calcification of the vessels of the feet. Fourteen of these 17 occurred 
in the .sixth, seventh and eighth decades. Of their 58 eases there were 
20 under the age of 40 years, and but one of these showed calcification. 

From the above it can be seen that advocates of the premature 
arteriosclerosis theory cannot agree among themselves. In addition 
thei’e is laeldng adequate data on the vessels of normal controls under 
the age of 40 years. If arteriosclerosis be present to the extent that 
some would have us believe, why is not gangrene seen in the young 
diabetic patient? 
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Valuable informatiou can be obtained from examining the eyegrounds 
of diabetic patients. The retinitis foiuid in diabetes is the retinitis of 
arteriosclerosis.^® Of M patients with retinal disease reported by Wage- 
ner and Wilder'-® all but tAvo AA'ere more than 40 years old. Of these 
tAAM, one had nephritis and the other hj’peremia of the optic nerA^e 
Avhich probably had no connection AAuth the diabetes. 

Spalding and Curtis®^ iiiA^estigated 307 cases of diabetes and found 
that 207, or 67 per cent, had no abnormalities of the retina. Included 
in these are 17 children under 16 years of age. Forty-six, or 15 per 
cent, shoAA^ed retinal arteriosclerosis AAuth no other changes; 16, or 5 
per cent, had retinitis, all shoAAung arteriosclerosis of the retinal ves- 
sels as Avell. Ten of the 16 had peripheral arteriosclerosis also. Hyper- 
tension Avas a consistent finding in cases Avith retinal arteriosclerosis 
and retinitis. The authors regard the retinitis found in diabetes as 
that of hypertensiA'e cardiovascular disease. Of their 16 cases Avith 
retinitis, 75 per cent had hypertension and impaired renal function. 
If diabetes causes premature atherosclerosis, AAliy is not retinitis seen 
in the young diabetic patient? 

One is likely to lose sight of the frequency Avith Avhich hypertension 
occurs in the older diabetic. Forty-four of one hundred eases past the 
age of 40 years had hypertension. When one considers tliat there 
Avere 34 eases of coronary occlusion in the hundred, one can Avell sus- 
pect that the incidence of hypertension Avas at one time much greater. 
Fishberg“ calls attention to the fact that the older diabetic patient is 
very liable to have essential hypertension. The same author comments 
that in some cases of essential hypertension Avith diabetes it is pos- 
sible that pancreatic arteriolosclerosis, due to the hypertension, is re- 
sponsible for the disturbance in carbohydrate metabolism. Joslin"® 
found that 33 per cent of his older diabetic patients had hypertension. 
Kramer®"* found hypertension in 39 per cent of 500 diabetics. He at- 
tributes both hypertension and diabetes to a common cause. He states 
that a pre-existing hypertension produces changes in the A'^essels of 
the pancreas and this in turn reacts uiDon the actmty of the islands 
of Langerhans. Major®® found the systolic blood pressure of elderly 
diabetic patients higher than that of normal controls. That hyper- 
tension is an important factor in the production of coronary disease 
is generally admitted. LeA'ine® ranks it first as an etiological cause. 
Fishberg®® states that the large majority Avith essential hypertension 
de\’clop arteriosclerotic changes of the coronary arteries. 

If hypertension is so important in the production of coronary athero- 
sclerosis and if hypertension is so frequently encountered in the older 
diabetic, AA4iy is it necessary to inA’'oke diabetes as a causatiA-e factor? 

The pancreas is frequently iuA’oHed in arteriosclerosis. In describ- 
ing the distribution of arteriolosclerotic lesions Fishberg®® lists the kid- 
ney first and tlie spleen, pancreas, IKer and brain next in the order of 
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frequency of occurrence. Discussing the nature of the disease, he 
regards the clianges in the arterioles as a manifestation of the wear 
and tear to ivhich they liave been subjected. 

Barron^® made careful post-mortem studies of the pancreas in cases 
of coronary sclerosis and found advanced atherosclerosis of the pan- 
creatic arteries. He believes pancreatic atherosclerosis to be a rela- 
tively common condition associated Avith cases of advanced hypertension 
and with coronary sclerosis. The diabetes in these eases is probably 
due almost entirely to this lesion. 

Eighteen of Warren and EootV 26 autopsied diabetic eases shmved 
arteriosclerosis of the pancreatic A^essels. 

Evidence of vascular involvement of other organs is frequently found 
in the aged diabetic patient. Of our hundred cases past the age of 
40 years, 79 had generalized atherosclerosis j 70 had arterio- and arteriolo- 
selerosis of the kidnej^s; 19 had gangrene of the extremities; and 11 
had cerebral arteriosclerosis. Joslin^" calls attention to the occurrence 
of peptic ulcer in 30 of his eases. Jankelson and Rudy’® report 6 
cases of diabetes wdth ulcer. All but one Avere in patients over 50 
3 ’'ears old. Ophiils®® has described the relation of peptic ulcer to arterio- 
sclerosis. He says, “In studying arteriosclerosis the rather common 
occurrence of gastric or duodenal ulcer in- arteriosclerotics became so 
evident that almost unconsciously I began to look on it as a lesion 
comparable to arteriosclerotic scars in heart and kidney.” To AA^hieh 
Ave add, “and pancreas.” 

If diabetes be related to coronary disease, the latter should be found 
quite commonly in the young diabetic patient, for it is here that the 
metabolic disorder is most severe. Before insulin days these young 
people died too soon after the onset of their symptoms to permit the 
development of pathological changes in other organs. It is noAV ten 
years since the introduction of insulin, and the young diabetic patient 
continues to live and thrive. During this period a fairly large num- 
ber should haAm died of coronary disease. Only a feAv such cases have 
been described. Warren® reports a patient AAdio had diabetes for eight 
years and died at the age of thirty-three years of coronary disease. He 
also mentions a personal communication relating to a diabetic patient 
AA^ho died at tAventy-tAim years of coronary thrombosis. 

Coronaiy thrombosis may occur in young nondiabetic persons. Smith 
and Bartels®® report tAvo cases of coronary thrombosis in nondiabetic 
persons aged thirty-fiAm and thirty-six years. They reAueAV 21 cases 
previously reported, all under the age of 40 years, Avith ages ranging 
from 12 to 39 years. Sutton and Brandes,®^ revieAAdng 340 nondiabetic 
eases AA'hich came to necropsy and in AA'hich gross coronary sclerosis 
Avas found, comment on the early age at Avhich definite arteriosclerotic 
changes AA^ere disclosed. The youngest Avas 5 years old, and in a boy 
of 12 years definite gross sclerosis of the large coronary arteries AA^as 
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evident. They found 42 eases of coronary sclerosis in the second, third 
and fourth decades. We attach great significance to the fact that the 
young diabetic person has done so splendidly, for it is perhaps the 
best proof that he has not developed atherosclerosis prematurely. 

Warren® calls attention to the long duration of the diabetes before 
the onset of coronary s^’^mptoms. He states that proof that the diabetes 
is not merely an incidental feature in these cases is to be found in the 
diabetic process long antedating the cardiac condition. Several objec- 
tions to this are obvious. Urinalj’-sis is part of a routine physical 
examination; an electrocardiogram is not. Coronary disease may be 
present for a long period and yet give no signs or symptoms until 
myocardial ischemia develops. Even under these circumstances the 
electrocardiogram (as interpreted in the past) may reveal nothing. 
Diabetes lends itself much more readily to detection than does coro- 
nary disease. 

Based on his material, Leutenegger®® states that he cannot demon- 
strate that there exists a special diabetic arteritis characterized by fre- 
quency or prematurity. In his eases the vascular changes clinically 
occur in the sixth and seventh decades, in the same age group in which 
vascular changes are most common in the nondiabetie person as well. 

Gray and Sansum®® note a low incidence of arteriosclerosis in their 
series before the fifth decade, even in cases where the diabetes is of 
long duration. They find arteriosclerosis to be more closely related 
to the age of the patient than to the duration of the diabetes. 

Nathanson® believes that at the present time it does not seem justi- 
fiable to conclude that diabetes is a causative factor in the produc- 
tion of arteriosclerosis, as no mechanism for this process has been 
satisfactorily proved. 

Cruickshank®® states that it is considered more probable that these 
two conditions result from a common cause (vascular degeneration) 
than that the glucosuria is an etiological factor in the production of 
coronary thrombosis. 

John®* regards the dialietes occurring in middle age as comparable 
to the failure of other functions in the body resulting in heart and 
kidney disease and hypertension. The effect of age upon carbohydrate 
tolerance is well known. In this connection, the work of Marshall®® 
is worthy of mention. This investigator studied glucose tolerance in 
a series of men whose average age Avas 72 years. In a group of healthy 
old men he found that 14 per cent had normal blood sugar curves and 
14 per cent had typical diabetic curves. In a group of “unliealthy” 
subjects suffering from chronic bronchitis, arthritis, cancer, etc., he 
found that 14 per cent had normal curves and 50 per cent had diabetic 
curves. The others had atjqiieal sugar tolei'ance euiwes. He also 
studied 5 individuals Avho Avere grossly senile and found that 3 of these 
had diabetic curves. Commenting on the high incidence of diabetic 
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curves, lie states that this can be regarded as indicative of the marlced 
disturbance of the carbohydrate mechanism ivhieli may occur in a cer- 
tain proportion of aged people. 

We prefer to regard diabetes in people past the age of 40 years as 
a manifestation of degenerative vascular disease. By so doing, ive 
very properly minimize the metabolic disorder and stress the condi- 
tion of the vascular tree. If diabetes of middle age is interpreted as 
clinical evidence of generalized arteriosclerosis, it is reasonable to ex- 
pect that a large number of diabetic patients will also have coronary 
artery disease. 

SUJHMARV 

1. Twenty-six of 92 diabetic patients showed coronary thrombosis. 
Twenty eases of eoronaiy artery thrombosis occurred in the sixth and 
seventh decades. 

2. Coronazy thrombosis oceuiTed more frequently in the diabetic 
than in the nondiabetie female patient. 

3. In both diabetic and nondiabetic patients coronary thrombosis oc- 
cuiTed predominantlj^ in the sixth and seventh decades. 

4. Of 100 diabetic patients past the age of 40 years, 34 showed coro- 
naiy thrombosis and 45 coronary sclerosis. Seventy-nine had athero- 
sclerosis of the aorta. Seventy showed arteriosclerosis and arteriolo- 
sclerosis of the kidneys. Nineteen had gangrene of the lower extremities. 
Hypertension was present in 44 eases. 

5. Coi’onary thi’ombosis oecuiTed twice as frequently in diabetic as 
in nondiabetic patients. 

6. The opinion is expressed that both coronary thrombosis and dia- 
betes in individuals over the age of 40 years are manifestations of degen- 
erative vascular disease. 
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THE BLOOD PRESSURE OF CHINESE LIVING IN 
EASTERN CANADA^ 


A. KRAKO^^^<:R, M.D. 

Montreal, Can. 

^ STUDY of blood pressure in groups of people of different races 
and nationalities is of importance in setting standards of normal 
averages among them. It also serves to reveal the incidence of hyper- 
tension as well as the influence of such factors as environment, mode of 
living and heredity on the height of systolic and diastolic blood pres- 
sui’e. Arterial hyiDcrtension — so common in civilized countries, par- 
ticularly in the temperate zone — is of quite infrequent occurrence in 
China ( Cadbury, ^ Cruiekshank,- Kilborn,® Poster^. It is generally 
recognized, too, that the blood pressure of Chiiiese living in China is at 
a lower level than the accepted standards for Americans and Europeans. 
Reports in the literature show that tliis is true for different sections of 
that densely populated country. 

LITERATURE 

Cadbury^ found in a series of healthy Cantonese (South China) 
students that the systolic pressure averages 20-30 mm. Hg less and the 
diastolic 10-20 mm. lower than the standards for European and Ameri- 
can men of corresponding age, weight and height. The analysis of the 
records of natives living in Northeni China bj'^ Tung,® showed a mean 
systolic of 102 mm. for the ages fifteen to nineteen years, and 113 mm. 
for fifty to fifty-four years, with a corresponding rise in the diastolic 
from 64 to 73 for the same age periods. Kilborn® examined 700 
Szecliwanese (West China) students and obtained a mean systolic pres- 
sure of 111 mm. and diastolic of 70 mm. Similarly, Ying® in a report 
of a smaller group living in Chekiang (East Central China) obtained 
average figures of 110-118 with a rise aboAm 125 mm. for groups OA^er 
fifty years of age. In contrast to these studies are the obseiwations of 
Alvarez,’’ Avho in 6,000 healthy American men ranging in age from six- 
teen to forty years found an aA'^erage systolic blood pressure of 129 mm. 

It is generally accepted that the pressuz’e of normal adults of Anglo 
Saxon origin is about 120-125 mm. and diastolic 80-85 mm. (Symonds,® 
Woley®), although somcAAdiat higher readings are still considered normal. 
Thus Hunter and Frost’s^® statistics shoAv that the aA’^erage normal sj’^s- 
tolie pressure Amries from 120 to 135 and diastolic from SO to 89 for the 
ages tAventy to sixty years. In contrasting blood pressures of Chinese 

*Froin the University Clinic, Depai’tinent of jMedicine, McGill University and Koyal 
AUctoria Hospital, Montreal, Canada. 
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and Americans, the evidence therefore seems to show that the former’s 
level is consistently about 10-15 mm. lower than that of the latter. An- 
other interesting fact is revealed in the influence of environment on the 
height of blood pressure. Tung^^ recorded the pressure of 30 Chinese 
students in America and again in Peking three years later. An average 
drop of 11 mm. in systolic and 8 mm. in diastolic was noted after their 
return to China. In 58 Americans studied in the same way, this author^^ 
showed that a distinct decrease in blood pressure occurs in Westerners 
residing in China. Poster^ came to the same conclusion, for in a group 
of 120 Americans living in Hunan, he found that the average pressure 
approached that of the local Chinese population. With these observa- 
tions in mind, it seemed of interest to investigate a group of Chinese liv- 
ing in Canada in order to determine their average blood pressure. Such 
a stud 3 '- would also indicate the frequencj’- of arterial hj'^pertension 
among them. 

PROCEDURE 

Two hundred and thirt^'^-nine Chinese living in the city of Montreal, 
whose ages range from seven to sixty-nine years (Table I) form the 
basis of this report. Onty 4 females are included because of the small 
number of Chinese women in tlie local colony. Practically all Chinese 
in this eommunitj’’ came originalty from Canton and the immediate 
neighborhood in the south of China. The majority have Lived here for 
manj'- j^ears with onty occasional brief visits to China. Man^’’ of them 
have become thoroughlj^ acclimatized to our Western civilization. Their 
occupations (Table II) are for the most part manual labor in laundry 
or kitchen. 


Table I 

Age Distribution of 239 Canadian Chinese 


ages 

NUMBER OF SUBJECTS 

5-9 years 

3 

10-19 

8 

20-29 

31 

30-39 

50 

40-49 

81 

50-59 

54 

60-69 

12 


Most of the blood pressure records Avere taken during the Aveek-ends, 
AAhien the Chinese assemble for diversion and amusement. All readings 
AA^ere done bj^ the author and in the mid-afternoon or earty evening. A 
standard mercury sphygmomanometer Avas used Avith a 12 cm. cuff. The 
beginning of the first and fourth phases Avas regarded as sj^stolie and 
diastolic pressure respectively. The subjects sat comfortably in a chair, 
resting one arm on an adjoining table. With a feAv exceptions, thej’’ had 
not worked immediately before the recording of the pressure. The 
Chinese are rather phlegmatic and on that account did not manifest un- 
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due nervousness at the procedure. In each case information was elicited 
relating to the duration of residence in Canada, the number of visits to 
China, age, height, weight and oeeupation. TJie heights and weights are 
necessarily approximate because there was no opportunity to corroborate 


Table II 

OccuPATioxs OF 239 Canadian Chinese 


Laundry ivorker 
Cook 

Merchant 

Eestaurant owner 

Student 

Housewife 

Waiter 

Teacher 

Taxi driver 

Physician 

Tailor 

Barber 

Engineer 

Clerk 

Unemploj^ed 
Not recorded 

Total 


101 (42.2%) 
35 
30 
22 
11 
3 

_ o 

- . 2 

_ 2 

1 
1 
1 
1 
1 

16 

10 

239 


these measurements. When the first blood pressure reading was found 
to be 140 mm. (systolic) or over, the subject was instructed to rest 
quietly while sitting in the chair and the reading repeated after five 
minutes. The blood pressure was checked in these instances because of 
the well-known tendency of nervousness and excitement to cause a rise 
in systolic pressure. In several instances three consecutive readings 
were made in the same subject. In a number of normal individuals, and 
particularly in those with hypertension, the heart was examined for evi- 
dence of valvular disease and enlargement. The pulse rate and presence 
or absence of peripheral arteriosclerosis were noted as frequently as pos- 
sible. 

OBSERVATIONS 

Blood Pressure and Duration of Residence in Canada . — The majority 
of the Chinese in Montreal have been living here for ten years or longer; 
therefore one cannot correlate the height of the blood pressure with the 
length of time thej^ have been residing here. Thus only 4 subjects have 
been in this country less tlian five* years, and 8 between six and nine 
years. Ninety-one have been residents of Canada for from ten to nineteen 
years and 116 have been here for more than tAventy years. The 
avei'age for all ease.s, excluding those born in Canada, is nineteen and 
one-half yeai-s. It may be mentioned, hoAvevei’, that the more recent 
immigrants do sIioav a distinct tendency toAvard hypotension. Thus a 
male, aged forty-tliree years, in Canada three years, has a blood pressure 
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of 78/58; another, aged thirty-six years, in Canada fonr years, has a 
hloood pressure of 102/66 ; and a third, a young Chinese physician aged 
t'\vent 3 '’-five years, in Canada also for four years, was observed to have 
a pressure of 104/84. 


Table III 

Relation of Blood Pressure to Height and Weight in 20 Canadian-Born Cuinese 


sex 

AGE (YR.) 

height (cm.) 

, „ . BLOOD pressure 

WEIGHT (KILOS) 

Male 

10 

111.7 

30.4 

104 

76 

Male 

24 

162..0 

60.0 

126 

80 

Male 

7 


20.4 

no 

84 

Male 

10 



32.2 

116 

74 

Male 

9 


25.0 

112 

78 

Female 

31 ■ 

154.9 

60.0 

112 

78 

Female 

7 

99.0 

20.0 

98 

66 

Female 

20 

IGO.O 

50.0 

122 

74 

Male 

33 

167.7 

74.5 

120 

94 

Alale 

10 

167.7 

52.2 

128 

79 

Male 

22 

171.4 

55.0 

116 

78 

Male 

22 

171.4 

56.3 

125 

82 

Male 

23 

175.3 

61.8 

116 

88 

Male 

28 

165.1 

61.3 

116 

86 

Male 

18 

170.2 

84. 0 (obese) 

124 

86 

Male 

14 

152.4 

35.9 

112 

78 

Male 

18 

162.5 



124 

92 

Male 

17 

170.2 

55.0 

122 

78 

Male 

34 

162.5 

59.0 

116 

74 

Male 

14 

152.4 

60.00 (overweight) 

124 

96 



Average systolic 

= 117.1 mm. 





Average diastolic 

= 81.0 mm. 




Blood Pressure in Canadian-Born Chinese. — Twenty individuals are 
included in this category, and Table III shows the relation of their blood 
pressure to height and weight. All have normal pressures, and when 
averaged the systolic equals 117.1 mm. and the diastolic 81.0 mm. When 
we compare these figures with those reported in native Chinese of similar 
age periods, we find that the Canadian subjects have definitely higher 
systolic and diastolic pressures. The average blood pressure in this 
latter group is lower than that obtained for the series of 239 eases, but 
the two are not comparable because the Canadian-born subjects number 
only 20 in all and are predominantly in the younger age periods of life. 

The Average Blood Pressxire for Different Ages. — A comparison of the 
mean or average blood pressure obtained in our group with that re- 
ported by Ying® for similar age periods is shown in Table IV. It is 
obvious that the average s.ystolic pressure of Chinese living in Canada 
is distinctlj' higher (bj about 10 mm.) for each decade than that for 
natives living in China, especially in young and middle-aged adults. In 
both a slight but steady increase in pressure occurs vdth advancing age 
and in the later decades (fifty to sixty-nine yeai-s) there is a sliarp 
rise which almost reaches 140 mm. In our subjects this may be ac- 
counted for by tlie greater frequency of hypertension in the older men. 
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Tims for the ages fifty to sixty-nine years, 21 subjects had systolic pres- 
sures above 140 mm., Avhereas in the earlier decades there were only 14 
above this level. This is even more striking when we bear in mind the 
fact that the 21 cases with hypertension occurred in a total of 66 sub- 
jects while the 14 younger hypertensives were found in 173 subjects. 
The average pressure in Canadian Chinese is in fact the same as that for 
white people of similar ages, living on this continent (Alvarez,^ 
Symonds,® Woley®), The same conclusions hold true for the averages 
of diastolic pressure, though there is not such a significant rise Avith 
advancing age. Table IV sIioavs that the average diastolic pressures of 
Canadian Chinese are higher than those of their compatriots residing in 
China. 

Table V 

Relation of Systolic Blood Pkessuee to Age in 239 Chinese 



Relati-on of Systolic and Diastolic Blood Pressure to Age . — The levels 
of systolic and diastolic blood pressure for each decade are shoAvn in 
Tables V and VI respectively. The majority of our cases (185 or 77.4 
per cent) are in the age group between thirty and fifty-nine years; 
One hundred and seventy-four subjects (72.8 per cent) have systolic 
blood pressures ranging beVveen 110 and 139 mm., whereas in 35 (14.6 
per cent) the reading is above 140 mm. The largest single group of 
71 cases occurs in the 120-129 mm. division. It is seen how fe^v eases 
actually haA^e pressures beloAV 110 mm., thus explaining the higher mean 
pressure of Western Chinese as compared to those living in China. In 
the distribution of the diastolic records, 166 subjects (70.0 per cent) 
have readings beloAV 90 mm., of Avhich 76 haA-e a pressure of 80-89 mm. 
In 20 (8.4 per cent) a pathological reading of OA-er 100 mm. Avas found. 
Here, too, really Ioav figures are relatively uncommon in the diastolic 
pressures of Canadian Chinese. 
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Table YI 

Eelation of Diastolic Blood Pressure to Age* 


PRESSURE IN 

MM. 




AGE IN 

TEARS 





5-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

TOTAL 

40- 49 




1 


1 


2 

50- 59 





O 



o 

60- 69 

1 

1 

1 

6 

6 

1 

1 

16 

70- 79 

1 

5 

9 

21 

23 

10 

1 

70 

80- 89 

1 

1 

16 

5 

27 

21 

5 

76 

90- 99 


2 

4 

12 

16 

14 

3 1 

51 

100-109 



1 

3 

3 

2 

2 

11 

110-119 




2 

2 

4 


8 

120-129 








0 

130-139 






1 


1 

Total 1 

3 

S i 

31 i 

50 

79 

54 

12 i 

237 


*In 2 subjects diastolic pressure could not be recorded, the sound disappearing 
shortly after tlie onset of the first (systolic) phase. 


Blood Pressure and Obesity . — ^In a study of this kind, it is difficult to 
define precisely where obesity begins. It is generally agreed, however, 
(McLester,^® Harrop^^) that an excess of 25 per cent or more above the 
standard or ideal weight for age and height is to he considered abnormal 
But many persons are found who are 20 pounds (9.0 kilos) or more 
above their ideal weight and these fall into the overweight class. Of 
our 239 Chinese, 11 were observed to be distinctly obese, and 12 were 
included in the second group of overweight individuals, giving a total 
of 23 or 10 per cent in the obesity group. In eonunon with white peo- 
ple, the later decades are subject to obesity ; thus 8 of the obese Chinese 
were in the fourth decade of life, 3 in the fifth and 9 in the sixth decade. 
When we come to examine the blood pressures of these, we find that 5 
obese subjects have ai'terial hypertension; i.e., a systolic blood pressure 
above 140 mm., and 6 have diastolic pressures over 100 mm. There is 
therefore in this small group of overweight Chinese a higher incidence 
of hypertension (21.7 per cent) than in those of noi’mal or average 
weight (10.1 per cent). This is in agreement with what is generally 
found, viz., tliat high blood pressures occur with greater frequency in 
those who are obese than in those who are not (Alvarez and Stanle.y,‘ 
Symonds,® Hartman and Christ^®). It should be added that the diet of 
Canadian Chinese is a liberal one and modei*ately well balanced. In 
Chuia the natives subsist largely on a vegetable diet. 

Hypertension in Chinese . — systolic pressure of 140 mm. Hg is usu- 
ally regarded with suspicion at any age, and in the present study ^ 
consecutive readings above this level are held to be pathological an 
the cases included in the hypertensive group. There were 27 subjects 
(11.2 per cent) with such elevated pressures. It is quite possible that 
a number of these ought not to be considered hypertensive in view of 
the well-knomi effect of nervousness and apprehension in producing a 
rise of systolic pressure. And though most of the Chinese did not mam- 
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fest any uneasiness, yet the procedure of taking blood pressure was a 
strange one to many. As mentioned before, a five-minute rest interval 
was allowed between the first and second reading to remove as much 
of the nervous factor as possible. A number had undoubted hyper- 
tension Avith the systolic just below or above 200 mm., and in 13 sub- 
jects the diastolic was over 100 mm. In 14 eases the heart Avas ex- 
amined, and in 6 of these there Avas confirmatory evidence of 
hypertensive disease manifested by cardiac enlargement and accentua- 
tion of the second aortic sound at the base. In one subject there Avas 
a mitral insufficiency Avith enlarged heart and in another pronounced 
peripheral arteriosclerosis. In 7 no evidence of organic or valvular 
heart disease could be elicited by ordinary phj^sieal examination. The 
heart was also examined in 25 subjects AAffiose blood pressures were 
within normal limits, and in 2 cases rheumatic valvular heart disease 
Avas detected. The remainder were healthy. 

The frequency of hypertension in Chinese living in Canada is cer- 
tainly in marked contrast to its rarity in Chinese natives. Foster^® 
states that among 4,000 Chinese admissions to the medical service of 
the Hunan-Yale Hospital in China, he Avas able to find less than 20 
Avith a blood pressure of 160 or over. In his private practice in Nbav 
England, lioAveA^er, 16 per cent of his office patients had pressures of 
150 mm. or over. 

The etiology of arterial hypertension remains obscure and several 
factors have been mentioned as contributory agents. Thus constitu- 
tion, endocrine gland changes, diet, climate and mode of living have 
all been suggested as causes. Of these environment and mode of liv- 
ing deserve attention. In China, the tempo of life is certainly at a 
sloAver pace, and nervous strain, so characteristic of Western civiliza- 
tion, is relatively absent. Hypertension is rare among the natives, and 
even white people after a short residence are found to have lowered 
blood pressures. On the other hand, when the Chinese emigrate to 
this country, their blood pressures increase so that their average pres- 
sure is the same as that of the Avhite inhabitants and hypertension is 
found frequently enough. 


COMMENT 

This AA’^ork Avas undertaken to determine the blood pressure of Chi- 
nese living in Canada for a number of years and to compare their 
average pressure AAnth that of the white inhabitants. The great major- 
ity of the subjects have been in Canada for ten years or more, and 
their average blood pressure is 10 mm. or more higher than that of 
Chinese natives for each decade. As a matter of fact, their pressures 
are equal to those reported for nath'^e Westerners. The astonishing 
finding of liypertension in 11 per cent of our subjects compared to 
its rarity in China, suggests the importance of the role of Avoriy and 
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nervous strain of western life, as Avell as dietary and other environ- 
mental factors, in the etiology of high blood pressure. In a small num- 
ber of Canadian-born Chinese the average pressure was observed to 
be well above that reported for Chinese natives of similar age periods, 
again emphasizing environment as a factor in influencing blood pres- 
sure. Obesity occui-red in 10 per cent of the subjects, and in these 
hypertension was not uncommon. Of tlie 39 individuals in Avhom the 
heart was examined, 6 were found to iiave hypertensive heart disease 
and 2 rheumatic valvular disease. 


SUMMARY AND CONCLUSIONS ' 

The average blood pressure of Chinese living in Canada for ten years 
or more is consistently higher (10 mm. Hg) than that reported for 
Chinese natives. Canadian Chinese have pressures the same as those 
of the white population. In this series hypertension occurs with sur- 
prising frequency (11.2 per cent), in contrast to its rarity in China. 
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THE ELECTROCARDIOGRAM OF LOW VOLTAGE 

A Report of Fifty Autopsied Cases* 

Leonard G. Steuer, M.D. 

Clei^land, Ohio 

E ver since electrocardiography came into clinical prominence there 
has been an effort to correlate the height of excursion of the QRS 
complex or the voltage of the electrocardiogram with the functional 
state of the cardiac muscle. Although it has been found that some cor- 
relation exists between the extent of the voltage and the function of the 
heart muscle, it must be remembered that any such parallelism is indi- 
rect and subject to certain fortuitous circumstances. This is true be- 
cause in the human electrocardiogram the height of the QRS complex 
represents a balance of electrical potential as the conduction wave passes 
over a complicated, interwoven mass of musculature. Notwithstanding 
the clinical experience of finding high voltage in patients with mark- 
edly decompensated hearts, and low voltage in hearts which are appar- 
ently functioning normally, there has been sufficient evidence to war- 
rent looking with caution on the electrocardiogram of low voltage. The 
low voltage of the electrocardiogram is indicative of one of two things : 
either the electrical potential associated with the cardiac systole is small, 
or it has been neutralized by compensatoiy effects. 

Most authorities accept an excursion of 5 mm. or less as low.^’ ® 
Pardee, however, sets the lower limit of normal as 7 mm.^ To fall in this 
classification of low voltage the excursion of the QRS complex should 
not exceed these limits in any of the three leads of a properly stand- 
ardized string. Under such circumstances it is Imown that low voltage 
may occur after acute infectious diseases or during circulatory failure 
of various types. Sprague and Wliite’- reporting on 57 cases in which 
the voltage was 5 mm. or less find 77 per cent of the cases related to 
cardiac failure either resulting from arteriosclerosis or hypothyroidism. 
Their series also inelnded severe toxic or terminal myocardial states 
resulting from syphilitic, rheumatic or hj'pertensive heart disease, 
mediastino-pericarditis, leucemia, subacute bacterial endocarditis. 

As to the prognostic significance of low voltage Hepburn and Jamie- 
son“ report that 67.6 per cent of their patients died within six months 
after the first record of low voltage was taken, while 32.4 per cent were 
living 23.2 months after the first record of low voltage was taken. 

In a series of 50 cases of low voltage reviewed by Speckman and Rieh- 
there were 14 autopsies. In 10 instances there were enlarged hearts. In 

•From the Department of Medicine, Western Reserve University, at City Hospital. 
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4 pericardial effusion was found, while 3 had adlierent pericardium. 
Microscopic examination showed abnormalities of the heart muscle in 
eveiy ease of the 14 examined. The most frequent finding was fibrosis 
of the myocardium. Of this series, 32 of the patients died within six 
months of the fii’st electrocardiogram of low voltage. As a result of 
their studies Speekman and Rich conclude that the occurrence of voltage of 

5 mm. or less in a patient with heart disease is of serious prognostic im- 
portance. 

Aside from the above series of autopsied eases there are few reported 
in the literature. The purpose of the present study is to review 50 
eases of low voltage, all of which came to autopsy, and to point out the 
relationship between the electrocardiogram and the pathological find- 
ings. The cases iiresented all had electrocardiograms in which the 
maximum excursion did not exceed 7 mm. in a string standardized in 
the usual manner. All patients appeared on the wmrds of Cleveland 
City Hospital and came to autopsy in the hospital. Aside from the 
above mentioned requisites there Avas no choice of cases. The autopsy 
reports from the laboratoiy of the hospital are based on the diagnoses 
of several independent workers, so that a fair evaluation of the patho- 
logical material is obtained. 

Of the 50 eases studied, 41 (82 per cent) were males and 9 (18 per 
cent) females. The average age AAms fift 3 ’’-three years. The oldest patient 
was seventy-eight years and the youngest eight years. Of these 10 (20 
per cent) were negro and 40 (80 per cent) Avere Avhite. 

Advanced cardiac failure Avas found in 45 of the cases ( 90 per cent) . 
Cardiac decompensation Avas present for from two Aveeks to as long as 
seAmnty-two months. The aA'^erage period of cardiac failure was thir- 
teen months. 

On the basis of pathological findings the cases fall into three distinct 
groups : those AARich haA^e coronaiy disease as the primary cardiac lesion ; 
those Avhich possess a cardiac lesion complicated by coronary arterio- 
sclerosis ; those which have no hivolvemeiit of the coronary arteries at all. 

The group in which coronary disease is the predominating lesion com- 
prises 21 cases (42 per cent). Table I demonstrates the degree of coro- 
naiy sclerosis and the associated myocardial and electrocardiographieal 
abnormalities. Coronary artei’iosclerosis is present in this group from 
a moderate degree to complete occlusion Avith frequent thrombus forma- 
tion. In several instances myocardial aneurysms are present. This 
group of coronary arteriosclerotic disease forms the largest single group 
in the series of low Amltage electrocardiograms. 

Gri’oup II is composed of 17 cases (34 per cent) all of Avhich shoAV 
a significant degi’ee of coronary sclerosis, but the latter finding camiot 
be considered the primary lesion. There are 9 instances in this group 
in which luetic aortic insufficiency is the dominating cardiac abnormal- 
ity. Although in these, valve leakage and subsequent myocardial fail- 



Group I. Coronary Disease Primary Pactor 


STEUER: ELECTROCARDIOGRAM OF LOW VOLTAGE 


cc 

w 

G* 

tuo 


pH CJh o 


o 
o , 


c3 o 


bX) brnd 
S 


o o 

•4J H-» 


CC c /2 E-i H 


bX) 

p 


p. 

CZ2 


bD.2 

•S-S 


p > 


bX) 


Ph 

C /2 

bXl 

P 


P 

c-T 


H-» 


PU 

OQ 


P O 

*,P rO 

c /2 < 


'Si '-I 


• S H.S 

cc H CO 


CO 

<4^ 

bX) © 

.5 S 
I Eh' 


w 

HH 

W 

Q 


P 

O 


M § ,s 5 o 

S ^ ^ g3 52; 


p p 

o o 

a-cS a-? a 
g 5 a o a o 


c3 ci 

a a 

ft Fh 

O O 


ci c 3 P P P 

s s s s s 

^ ;h ^ M 

O O O O O 

^ 52; }?; 5?; 


p p p p p p p 

a a a a a a a 

;h H ^ ^ ^14 ^ 

o o o o o o o 



a a a a a a a 

s s 

a a a a a 

a a 

a a a 3 

a 


a a a a a a a 

a a 

a a a a a 

s s 

a a a a 

s 


ic o o o o o o 

o o 

O O O O lO 

o o 

1 C oq o o 

CO 

> 

?o cq o -:H 1C -f cq 

rH CC 

c-i CO -t« ci 

1C 

oq CO b- tjh 

iC 


M 

O 

2 

S 

s 

o 

I— « 

o 

o 

o 

p 

Eh 

< 

P 

P 

s 

s 

o 


OT M 
*OT *« 
O O 

C5 O 

O O 
03 03 
O O 

P P 

P4 & 

o o 

^52; 


03 03 

^ O O 

g -P ^ 
^ ^ <P 
P ^ ^ 
’« .3 .3 
^ 

a rt s 

P <y 

o o o 


P 

rt.g 

s-s 

o 

a ^ 

K 1—1 

s § 

a !M) 

«.S 

03 CQ 

4-2 p *2 53 
W 03 o s 

P t- £ 03 
ti =3 P r-S 
^ 5^ 2 
P P .; 
— • P 


C3 

> 


03 
O 
♦ -P 

” s 

.■p o 

P 

^ ^ * 


03 

£ ,2 

P frt 

2 ^ 

> p 


bJD 


o 

t~l 

p 

p 

03 

P 


' P4 


P 'P H -3 .Tj 

s C ^ P -g 


P 
o 

2 *w 44 

P 3 >-l 

S'! 

^ IM O O 


<y g 


p niiJ 
o J- 
o P 


O P 

•-M 

f0 ^ 


o ^ P 


V 

»M "3 

u rP 

44 

P 

^ «? 
>.2 
. 03 
44 O 
r- * ;-( 

a; 


03 

03 

0) 

p: 


>>.S 

p ^ 
^•2 


>% 

p 

g.g 

§s 

03 
03 


03 


44 03 

PS P 
cj-u fco--" 


<u 


° a „ 

^ 03 03 
„ _ O M 

=3 £ 43 

03 P ^ 

•< g j 


03 * 
O 

03 

44 

03 • 


P P4 
, P 03 


Sh 3 P 

^ 03 
H ,P 44 

ti a o s f; 

a o o S 


03 

*S 

O 

U 63 
P 03 
03 O 

P 5 

■3 & 

|g 

g1 

Sc 


>< CQ 

° g 5 
ago 

s 5 

ca o w 

o « ta 

fa o o 

ft u to 


+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + 


+ 
+ ■ 
+ 
+ 


+ + + + + 

T H- + + + 

4 + 4 + + 

+ + + 


I 

+ + + + + + + 
4 + + 

4 4 


a 

02 


s s s s s s 


pS S^SSS SpSSSSp 


C5 


O CO t- 03 O -ff 

O O l>. lO 1 C '"t* 


OO C3 

»C ic 


C3 o o cr. 

-f 1C uc cc o 


c; ic 00 o oq o O 
1 C t- IC O ic LC 


w . 

CQ O 


iH 01 CO -H 1C 'O 


o T -1 cq CO 
r-( T— ( I— { tH 


LC O b- 00 O O rH 
r-< r-f t-H C3 (M 


407 



408 


THE A1MER.ICAN HEART JOURNAL 


ure are the most important factors leading to death, nonetheless, tlTc 
added complication of coronary sclerosis cannot be overlooked. In sev- 
eral instances the coronary orifices are greatly narrowed by a sclerotic 
process, and this must have interfered with the myocardial blood sup- 
ply. Similarly there are 3 eases of mitral stenosis in this group, all of 
which had significant coronary arteriosclerosis. Tlie remainder of the 
group, 5 cases, show nephrosclerosis, complicated by coronary arterio- 
sclerosis. Table II demonstrates the degree of coronary sclerosis and 
the associated abnormalities in this group. It is of interest to note that 
in all cases in which hypertension plays a part, coronary sclerosis is 
also present. 

Table II 


Group II. Coronary Disease Complicating Other Cardiac Lesions 





degree of 


MAX- 



case 

AGE 

sex 

CORONARY 

OTHER PATHOLOGICAL 

IMUM 

MECH- 

other electro- 
cardiographic 

NO. 



SCLERO- 

FINDINGS 

VOLT- 

ANISM 

FINDINGS 




SIS 


AGE 


22 1 

63 

in 

+ + 

Luetic aortitis Avitli 

3.0 mm. 

Nodal 

Splintering 

1 




ring involvement. 




23 

73 

in 

+ + 1 

Luetic aortic insuf- 

2.0 mm. 

Nornml 

Splintering 





ficienev. 



T,-T; depressed 

24 

54 

m 

4- 

Luetie aortic insuf- 

o.S mm. 

Normal 




1 

ficionev. 



T,-Tj inverted 

25 

52 

111 

+ 

Luetie aortic insuf- 

5.0 mm. 

Normal 




i 

ficioncy. 



T, depressed 

26 

34 

in 

++ 

Luetic aortic insuf- 

4.0 mm. 

Normal 





ficiencY. 



splintering 








QRS 

27 

46 

f 

+++ 

Luetic aortic insuf- 

5.5 inin., 

Normal I 

Arborization 





ficieiicy. 



block 

28 

63 

in 

+ 4 + 

Luetic aortic insuf- 

6.0 mm. 

Normal 

Tj-T, inverted 





! ficionc}'. 



splintering 

29 

44 

m 

+ 

Luetic aortic insuf- 

5.0 mm. 

Normal 


1 




ficieiicy. 




30 

36 

in 

+ + + + 

' Luetic aortic insuf- 

7.0 mm. 

Normal 


31 

39 

ni 

+ 4" + 

ficieuey. 

Mitral stenosis. 

5.0 mm. 

Fibril- 

T.-T, inverted 







lation 


32 

26 

f 

4 

.Mitral stenosis. 

6.5 mm. 

Normal 


33 

25 

ni 

1 

Mitral stenosis. 

4.5 mm. 

Normal 


34 

52 

ni 

! 4 

! Nepliroselerosis. 

4.0 mm. 

Normal 

Splintering 

35 

59 

in 

4- 4- 4" 

Nephrosclerosis. 

4.5 min. 

Normal 

Splintering 

36 

71 

in 

i 44 + 

N eplir osclerosis. 

3.0 mm. 

Fibril- 

Splintering 




t 


lation 

Coronary T 

37 

60 

f 

4 

Nephrosclerosis. 

5.0 mm. 

Fibril- 

Splintering 






lation 


38 

56 

f 1 

1 

Nephrosclerosis. 

5.0 mm. 

Fibril- 

Splintering 



! 

1 



lation 



Group III is a miscellaneous group as far as tlie tj^pe of pathological 
findings is concerned. Acute and chronic infections of various types 
play the predominating role in this group. Of particular interest are 
the 2 cases of cancer which present no evidence of cardiac disease ex- 
cept such as may accompany cachexia. No doubt the anemia accompany- 
ing the malignant disease produced conditions in the cardiac conduction 
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system or myocardium which caused the low voltage to appear. This 
miscellaneous gi’oup, characterized by an absence of disease of the coro- 
nary arteries, comprises 12 cases (24 per cent) of the entire series of 
50 cases. Table III illustrates in detail the cases of this type. 

Table III 


Group III. Miscellaneous Group Without Coronary Disease 


CASE 

NO. 

! 

AGE 

SEX 

pathological findings 

MAX- ! 
IMUM 
VOLTAGE 

MECH- 

ANISM 

OTHER ELECTRO- 
CARDIOGRAPHIC 

findings 

39 

52 

m 

Mitral and aortic stenosis. 
Acute and clironie endocar- 
ditis. 

4.5 mm. 

Normal 


40 

60 

in 

Cardiac liypertroph.y and dila- 
tation (chronic alcoholism). 

5.0 mm. 

Fibrilla- 

tion 


41 

31 

m 

Lobar uneumonia. Acute ne- 
phritis. 

6.0 mm. 


Slurring 

42 

52 

m 

Lobar pneumonia. 

7.0 mm. 

Normal 

Tj-T„ depressed 

43 

66 

ni 

Tuberculous pericarditis until 
effusion. Miliary tuberculosis. 

7.0 mm. 

Normal 

Tj-T„ depressed 

44 

8 

f 

Subacute bacterial endocarditis. 

3.0 mm. 

Fibrilla- 

tion 

Splintering 

4.5 

30 

f 

Chronic and a'>ute endocarditis. 
Adhesive pericarditis. 

1 4.2 mm. 

Normal 

T,— T„-T, isoelec- 
tric 

46 

46 

f 

Generalized arteriosclerosis. 
Sclerosis mitral valve. Tu- 
berculous mediastinitis. 

5.5 mni. 

1 

Normal 

Arborization 

block 

47 

66 

f 

Generalized arteriosclerosis. 

4.1 mm. 

Fibrilla- 

tion 

Tj-T, inverted 

48 


m 

Brown atrophy of heart. Car- 
cinoma of stomach. 

5.5 mm. 

Normal 


49 

63 

in 

Carcinoma of stomach with 
hemorrhage. 

4.5 mm. 

Fibrilla- 

tion 


.50 

59 

ni 

Aortic insufficiency with peri-' 
vascular infiltration about 
coronaries. Luetic. 

6.0 mm. 

Normal 

Splintering 


The maximum excursion of the QRS complex in any lead of the rec- 
ords studied is 7 mm. The lowest is 1 mm. The average measures 
4.54 mm. The most common electrocardiographic abnormality aside 
from the low voltage is the splintering or slurring of the QRS complex 
which is found in 26 instances (52 per cent). 

T-waves of the cove-plane type, so-called “coronaiy T- waves,” ap- 
pear in 2 eases (4 per cent). Arborization block is found in 3 in- 
stances (6 per cent). 

Normal mechanism is present in 37 (74 per cent) of the cases. Nodal 
rhythm appears once, while filirillation is present in 12 instances (24 
per cent). 

In 6 cases (12 per cent) right axis deviation is present. Left axis 
deviation is found in 20 eases (40 per cent). The remaining 24 eases 
(48 per cent) show no variation from the normal range. 

The accompaii\ing electrocardiograms are typical of the scries in tliis 
studjL 
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COMMENT 

In reviewing the series of 50 eases as a wliole, it is apparent that the 
most frequent pathological finding associated Avitli the electrocardiogram 
of low voltage is coronary artei'ioselerosis. Such sclerosis occurring 
either as a primary lesion or in association with some other cardiac 
abnormality, such as luetic or rheumatic heart disease, must interfere 
with the oxygenation of the conduction system sufficiently to reduce 
the electrical potential as measui-ed by tlie electrocardiogram. The pres- 
ence or absence of sclerosis of the coronary arteries will help to explain 
why in some instances of luetic aortic insufficiency we find records of 
high voltage, wliereas in others the voltage is low, although in each in- 
stance the myocardial incompetency appears to be the same. The same 



Fig-. 1. — Typical electrocardiograms of lo-w voltage. 


set of eii’cumstances may explain similar findings in eases of rheumatic 
heart disease. 

In cases of acute or chronic infection or in cachexia (malignant dis- 
ease) the problem is a different one. In these the toxic substance no 
doubt affects the conduction system directly and so alters the metabolic 
processes associated vdth the spread of the excitation wave through 
the Purkinje system. 


SUMMARY 

1. Fifty cases with electrocardiograms of low voltage are reported, 
aU of these came to autopsy. 

2. Coronary arteriosclerosis of significant degree was found in (6 
per cent of these. 
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3. In the remaining 24 per cent acute or chronic infections play the 
most important role. 

4. The low voltage electrocardiogram is most frequently associated 
with coronary arteriosclerosis in eases coming to autopsy. 

Appreciation is expressed to the Department of Pathology of Cleveland City 
Hospital for the use of its records. 
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Department of Clinical Reports 


AN EARLY CASE OF CORONARY THROMBOSIS NOT 
HITHERTO REPORTED 


Henry P. Stole, M.D. 

Hartford, Conn. 

' I Tie development of corona ly tl)rombosis during’ or folloAving a hearty 
meal is of common oeeuiTenee. Though the pain is usually severe 
and sometimes referred to the epigastrium, it may be entirely lacldng, 
the victim feeling only extreme Aveakness accompanied frequently by 
severe dj^spnea. 

Because vomiting is common, the condition until recent years AA'as 
likely to be diagnosed as acute indigestion, Sevei'al factors probably 
contribute to cause an attack at this time. The coronary circulation, 
due to vessels alreadj’’ diseased, is definitely impaired though symptoms 
may have been lacking. As the stomach becomes distended, the position 
of the heart changes someAvhat, and as a consequence the already im- 
paired circulation may be further embarrassed. It maj" be also that the 
postprandial dilatation of the capillaries of the splanchnic system that 
accompanies digestion is associated AAoth a diminution of blood floAv in 
the coronary capillaries thus faAmring thrombosis. Moreover the leu- 
cocytosis and platelet increase that accompany digestion possibly favor 
clotting. 

If the assumption be correct that the patient in the ease herein re- 
ported suffered from this condition, the case antedates considerably any 
hitherto reported. 


CASE REPORT 

G. B., aged eighty years, an itinerant teaclier of philosophy, immediately after 
eating a hearty meal was seized witli severe pain and great prostration and died a 
few hours later. The facts in the case are as follows: 

A feast had been provided by the blacksmith of a small village. The menu nas 
diversified and abundant. One dish was especially pleasing to the guest of honor, 
and he ordered that no one else should be served tliis particular food. There is 
some doubt as to just what this was but it seems probable that it consisted of pork. 
At any rate, after eating all he could, he evidently felt some discomfort, as he 
ordered that the remaining food be buried in a hole in the ground, remarking that 
no one else would be able to digest it. Almost immediately thereafter he was taken 
violently ill and suffered extreme pain. He is said to have passed some blood, prob 
ably from the bowels. He tried to conceal his suffering so as not to interfere with 
the festivity of the occasion and started forth on a journey on foot with some friends 
but very soon had to stop because of weakness and pain. He sat down on a blanket 
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and evidently suffered from shock as he complained bitterly of tliirst, asking for 
water three times before it was possible to procure any. Feeling somewhat better, 
he proceeded on his way, but the increasing pain again forced him to stop, and this 
time he was evidently too weak to sit, as he lay down. It is stated that he lay on 
his right side. Inasmuch as one often sees individuals with serious cardiac disease 
who find that lying on the left side increases their pain, it is perhaps significant 
that he assumed the right lateral position. 

With the great determination that had always characterized his life, he again 
attempted to proceed but was forced to lie down again; as formerly, he lay on his 
right side. The pain was obviously much less after he ceased the exertion of walking 
as he was able to converse with friends at considerable length. As his illness came 
on at once after dining, quite naturally some one suggested that it was due to some- 
thing he had eaten. Accordingly, he sent for his host and publicly exonerated him 
for any responsibility in connection with his illness. This gracious act appears to 
have been nearer the truth than the generous sufferer may have suspected. He did 
not succumb until a number of hours after the onset of the attack. 

Previous History . — He was the son of a very wealthy man. His mother died soon 
after his birth. He was evidently much pampered during his early childhood and at 
eighteen married his cousin. For ten years they lived the usual purposeless life of 
the idle rich. Becoming very much bored with the futilitj' of this type of existence 
and being disappointed by his childless marriage, he finally deserted his wife and the 
baby which arrived too late to conquer his ennui. For six years he lived in the open, 
subsisting on a very poorly balanced and inadequate diet especially low in protein. 
It consisted chiefly of dry mosses, roots and wild fruits. As the result of this diet 
he became exceedingly emaciated. Later his manner of living and diet changed 
materially, but he was always temperate in his habits. In the main, his health ap- 
pears to have been good. 

Because of his catholic ideas, he often dined Avith individuals of Avidely different 
social stations. Thus Ave see him as the guest of honor at a feast given by certain 
wealthy nobles and shortly thereafter he AA'as entertained at an eA'en more elaborate 
affair, the hostess being a Avell-knoAvn courtesan. Not long after the latter dinner 
party he became very ill. The nature of this sickness is unknoAvn, but it seems prob- 
able that it Avas some sort of an infection as he became much emaciated and his 
death Avas reported. He appears to liaA'e recoAmred by the time of the party given 
by the blacksmith but it may be that this infection predisposed him to coronary 
thrombosis as sometimes appears to be the case. 

It is of interest further that he Avas of the square-shouldered or pyknic type, as 
such indiAuduals are thought to be especially prone to occlusion of the coronary 
A’essels. 

The old geittlemaii Avhose final illness Ave have been considering died in 
the fifth century B.C. His name Avas Gotama Bnddlia. 
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P ARADOXICAL EMBOLISM OP THE CORONARY ARTERY'^ 

Mendel Jacobi, M.D., Maurice Kenler, M.D., and 
Irving Silverman, M.D. 

Brooklyn, N. Y. 

Vl^PIILE acute occlusion of the coronary arteries occasioned by 
endarterial changes and thrombosis or bj’^ spasm is a common 
clinical diagnosis, made daily and confirmed frequently at the section 
table, gross embolism of these vessels is apparently a veiy rare condition, 
receiving scant attention in works on cai’diology or special path- 
ology’- -■ * and but little more in the periodicals.®- ® 

A recent comprehensive review of the literature by Saphir" disclosed 
but eleven eases of true coronary embolism. These were associated with 
intrinsic cardiac or vascular disease. Still rarer are cases of paradoxical 
embolism of these vessels ; the literature contains only the cases of Wolff 
and White,® of Thompson and Evans® (a case of tumor embolus) and the 
first of Saphir, and these were also associated with intrinsic cardiac or 
vascular pathology. Because of the rarity of the lesion, the sudden and 
unusual clinical course, and the complete absence of associated cardiac 
disease, the following case is being reported. 

case report 

Mrs. M. B., aged forty-seven years, white, entei’ed the medical service of Staten 
Island Hospital with the chief complaint of upper abdominal cramps of three days’ 
duration. 

Her family history and marital history were unimportant. She had had typhoid 
fever at twelve years, pneumonia at nineteen years, a two-stage thyroidectomy at 
thirty-four years, and a panhysterectoiny at forty-four years. 

Her present illness dates back to six days prior to entr 3 - when she developed vague 
aches and pains and was treated bj- her familj' phj'sician for “grippe.” A. few 
daj-s later she developed vomiting, diarrhea, and abdominal cramps. Except for 
slight dj-spnea on exertion during the past three j-ears, and an occasional attack of 
“dull ache” over the precordium, transient and related to excitement, the rest of 
the history was unimportant. 

Phj'sical examination on admission revealed a fairly’ well-developed but undei- 
nourished, white, middle-aged female, with an anxious expression and an appearance 
of exhaustion. Bmotionallj' she was unstable. Temperature 98.6°, pulse 90 and 
respirations 20. Urine showed a slight trace of albumin and the blood showed a 
secondarj' anemia and a relative Ij-mphocytosis. 

Head, scalp, ears, nose, throat and lungs gave negative signs. On ophthalmoscopic 
examination there was recent hemorrhagic exudate on the temporal side of the right 
disc. There were two well-healed scars over the anterior aspect of the neck. 

*From the Medical and Pathological Services of the Staten Isiand Hospital, and 
the office of Chief Medical .Examiner, C. G. Norris, New York City. 
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Examination of the heart was not particularly remarkable. Ax)ex beat was not 
seen or felt. No thrills. No enlargement. Sounds were regular and of good quality. 
Ventricular rate equalled xDulse rate (100). Blood pressure was 100/75 mm. 

The admission diagnosis was gastroenteritis, and she was given a low residue 
diet, bismuth salts and sedatives. Within a few days there was a decided improve- 
ment. It is perhaps worthy of mention here that she had no symptoms referable 
to the cardiorespiratory system during the course of her stay in the hospital. 

On the sixth day of her stay in the hospital, while lying flat on her back she was 
suddenly seized with a sharp, agonizing substernal pain. Within fifteen minutes 
she was pronounced dead. 

Autopsy performed two hours after death disclosed a well-developed and fairty 
well-nourished middle-aged white female showing healed thyroidectomy and trans- 



Pig. 1. — Heart opened and showing the embolus in left coronary arter 5 - (A), and the 
patent foramen ovale, with probe insei’ted (B). 

verse lotver abdominal oiierative scars. The face, oral mucosae, finger and toe nails 
were markedly cyanotic, the remainder of the skin was somewhat less cyanotic. There 
was no rigor or post-mortem discoloration in any jjortion of the body; the entire 
body was quite warm. There was a slight but definite pitting edema of the entire 
left lower extremity, most marked over the ankle but present also over the buttock. 
There was no edema in any other portion, and there were no evidences of varicose 
veins in either extremity. 

On opening the thoracic cavity, several complete auricular contractions w'ere ob- 
served, tapering off into fibrillary twitches of the left ventricle, wliile the lungs 
rapidly deepened in red color and the abdominal veins and pulmonary artery became 
msibly distended with venous blood. The heart itself weighed 300 gm.; the endo- 
cardium, pericardium and valves were all smooth, glistening and translucent through- 
out; the myocardium was of good tone; all somewhat paler than usual. The foramen 
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ovale presented an opening 0.5 cm. in diameter. In the anterior descending branch 
of the left coronary artery was a soft, lamellated gray red thrombus, 1 cm. in length 
and 0..3 cm. in diameter, which completely plugged the vessel from a point just beyond 
its origin distalward for about O.G cm., the embolus being curled on itself; there was 
no propagated or retrograde thrombus. The plug was very easily removed from the 
vessel, disclosing the underlying intima smooth, glistening, and utterly devoid of 
atheromatous change. A similarly smooth and glistening intima was present in the 
other coronary branches. The aorta presented a few pinhead sized soft yellowish 
atheromatous patches in the intima of the arch, everjm-hcre, however, covered by 
smooth and glistening surfaces. In fact the entire aorta and its branches were 
surprisingly free of atherosclerotic changes. No aortic valvular, commi.ssural, or 
coronary orificial changes suggestive of syphilis were present. No thrombi were 
present in either auricular appendage. There were no vascular anomalies except 
for the patent foramen ovale. 

The lungs were well aerated, not edematous, but congested. Their entire vascular 
tree, arterial and venous, showed Jio intrinsic or thrombotic changes. The abdominal 
viscera were moderately congested. In the left kidney a recent white infarct a few 
millimeters in diameter was present on the midanterior surface. The uterus, left 
tube and ovary and right tube were absent ; the right ovar}' was firm and contained 
several corpora lutca of varying size and a few retention cysts. The entire vaginal 
vault was covered by old peritoneal adhesions. 

The left femoral vein was thickened. Just distal to its entrance into the iliac 
vein, it was partially occluded by firm brownish red tissue, to the proximal end of 
which a grayish red, softer thrombus, similar grossly to that found in the coronary 
artery, was still attached. The intima under both types of thrombus was dulled 
and roughened when the latter was detached. The remaining pelvic and abdominal 
veins, and the right femoral, thoracic, and cervical veins were unchanged. 

Sections of the embolus in the coronary artery and similar fragments in the 
femoral vein were composed of lamellated platelet-erythrocyte thrombus with some 
admixture of polymorphonuclear leucocytes. Sections of the firmer brown red femoral 
thrombus consisted of partially canalized hyalinizcd fibrous tissue which merged, 
without demarcation, with the venous wall. The latter showed elastica fragments 
in the contact zone but no definite elastica. The media was fibrosed but not cell- 
infiltrated; the adventitia was unaltered. 

Sections of the kidney through the infarcted area disclosed the usual picture of a 
bland infarct. The remainder of the kidneys, as well as the lungs and abdominal 
viscera, presented the picture of an acute passive congestion. 

Sections of the heart through interventricular septum and adjoining portions of 
the ventricles showed the cytoplasm and nuclei swollen and poorly stained. Else- 
where there were no cellular changes and no evidence of recent or old rheumatic, 
sj'philitic, or arteriosclerotic vascular changes. 

DISCUSSION 

The possibility of embolism in this ease was entirely overlooked clin- 
icallj’' because of the apparent absence of a source. The preeordial pain 
and the dyspnea, not typically anginoid in diaracter, might have sug- 
gested cardiovascular occlusive changes, particularly in the absence of 
any evidences of hypertension or organic vascular disease. Had the 
buttock and ankle edema of the left lower extremity present at- the au- 
topsj'- table been noted ante-mortem, it might have given a suggestive 
lead to a potential source of embolism. 



JACOBI ET AL. ; PARADOXICAL EMBOLISINI OP CORONARY ARTERY 417 


Of interest was the continued cardiac contraction after clinical death 
and at the autopsy and the visible termination in ventricular fibrillation, 
both findings not of frequent record. The ease is of further interest in 
that it is the only one on record in Avhich a long antecedent and already 
organized venous thrombosis has given rise to coronary embolism. In 
other respects, such as the branch involved and the mode of death, it 
corresponds to the general findings in Saphir’s revieAv. No such factors 
as depletion of the pulmonary circulation, or significant differences in 
the caliber betAveen the aortic and coronary orifices were present in this 
case to explain the coronaiy invoNement, as suggested in Saphir’s re- 
vieAV. In -view of the embolic phenomena in other organs, Ave feel that 
the coronary involvement was purely incidental to a general embolizing 
process. 

SUMMARY 

A ease of acute coronary occlusion due to an embolus from an old 
thrombosis of the femoral vein in the presence of a patent foramen ovale 
is reported. There Avere no associated arterial or endocardial changes. 
The factors in its production are discussed briefiy. 

REFERENCES 

1. Sutton, D. C., and Lueth, H. : Diseases of the Coronary Arteries, St. Louis, page 

98, 1932, The C. V. Mosby Co. 

2. Jores, L. ; in Henke-Lubarsch Handbuch der Allgemeine Pathologie u. Patho- 

logische Anatomic, Bd. 11, Berlin, p. 622, 1924, J. Springer. 

3. Welch, W. H. : in Albutt System of Medicine. Vol. VI, New York, p, 281, 

1900, The Macmillan Co. 

4. Kaufman, E. : Special Pathologic Anatomy, Translated by Beimann, S., Vol. I, 

p. 56, Philadelphia, 1930, J. B. Lippineott & Co. 

5. Benson, B. L. : Arch. Path. 2: 876, 1926. 

Gallavardin, L., and Dufourt: Lyon med. 121: 141, 1913. 

Stevens, J. L. : Tr. Glasg. Path. & Clin. Soe. 10: 45, 1903-04. 

6. Levy, Robert L.: Am. Heart J. 7: 431, 1932. 

7. Saphir, O.: Am. Heart J. 8: 312, 1933. 

8. Wolff, L., and White, P. D.: Boston M. &■ S. J. 195: 13, 1926. 

9. Thompson, T., and Evans, W. : Quart. J, Med. 23: 135, 1930. 



Leroy Crummer 

April 15, 1872 — January 2, 1934 

’ I ^HE recent lamented death of Doctor Crummer removes a nationally 
known and greatly respected figiu’c in the fields of intenial medicine 
and medical history. 

After being' graduated from the Northwesteni University Medical 
School in 1896, Doctor Crummer lived most of his professional life in 
Omaha, where ultimately he became professor of medicine in the Uni- 
vei’sity of Nebraska College of Medicine (1919-1925), 

During the War his services were requisitioned by the Army, and he 
rendered notable service as a teacher of physical diagnosis in the school 
for civilian medical officers established at Camp Grecnleaf, Ten'n. 

His professional interests were especially keen in the field of heart 
diseases, and the popularity of his modest volume. Clinical Features of 
Heart Disease, attests his soundness as a clinician and teacher. 

During the last few years of his life, an invalid himself from heai’t 
disease. Doctor Ciaimmer resided in Los Angeles and devoted himself 
almost entirely to his fine libraiy and to studies in medical liistory. His 
distinction in this field was I’ceognized at both the University of Cali- 
fornia and the University of Southeni California by his appointment to 
a professorship in medical histoiy. 

As an honored member of the Advisory Editorial Board of the Aj^ier- 
iCAN Heart Journal liis loss is deeply felt. 
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Department of Reviews and Abstracts 


Book Review 


Verhandlungen der Deutschen Geseleschaft FiiR Kreislaufforschung VI 
Tagung. Edited by Dr. Bruno Kiseli. Tlieodor Steinkopfif, Dresden and Leii^zig, 
1933, 276 pages. 

The sixth annual meeting of the Deutsche Gesellsehaft fiir Kreislaufforschung 
was given over to a discussion of the relation between the circulatory and nervous 
systems. The first jiart of the program is experimental, the second clinical in view- 
point-, both parts contain interesting and instructive papers. 

E. E. 

Strophanthin-Therapie. By Professor Dr. A. Fraenkel, Heidelberg, with the 
collaboration of Dr. R. Thauer, Frankfort, Berlin, Julius Springer, 1933, 148 pp. 

The introduction affords an accurate guide to what one may anticipate in the 
author’s treatment of the subject, in that he declares his preference for the treat- 
ment of cardiac insufficiency by means of the intravenous injection of strophanthin. 
The table of contents permits one to turn at once to any particular phase of this 
subject — history, botany, pharmacognosy, chemistry, pharmacology, or therapy — in 
which one may be especially interested. Each di^•ision is followed by references to 
the literature arranged alphabetically. The several bibliographies include references 
to more than 750 papers. The monograph itself being mainly a review of the 
essential literature, the present review'd- finds it difficult to give anything approaching 
a satisfactory review- of it without exceeding the space permitted. 

Some thirty -five pages are devoted to the division entitled, “The Pharmacology 
of Strophanthin.’’ This division in reality is devoted mainly to the pharmacology 
of digitalis, but, as the author states, the actions of digitalis and strophanthin are 
qualitatively similar after they have entered the blood stream. The author has 
shown discernment in the selection of papers which he has reviewed, but, naturally, 
no monograph of this size can fail to omit reference to some papers that may be 
considered important. The author refers repeatedly to the work of Weese, w-ho 
compared the amounts of digitoxin and strophanthin taken up by the heart with 
those fixed in other organs, and since he bases important conclusions on this work, 
it may be proper to state that reference to Weese ’s paper shows that his results do 
not uniformly substantiate his conclusions. The discussion of the toxic side actions 
of the digitalis bodies is confined almost exclusively to that of nausea and vomiting. 
The biological standardization of the digitalis bodies is discussed concisely, but the 
author considers it of value only as showing the degree of constancy of activity of 
a given preparation. That view is tenable for one who administers digitalis bodies 
orally, much more than in the ease of one who injects them intravenously: in the 
atter case the actual activity of different siilistances is more nearly proportional 
to the indicated activity than when they are administered orally. More than half 
of the monograph (about eighty pages) is devoted to the clinical use of the digitalis 
bodies, with arguments in favor of the intravenous use of strophanthin. This is 
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presented systematically and inelndes the history of intravenous therapy, the technic, 
the observation of the use of strophanthin in practice, indications and dosage, with 
numerous case liistories, tracings, electrocardiograms and x-ray photographs of the 
heart. 

The author is obviously impressed with the superiority of strophanthin over other 
substances designed for intravenous injection, but when he states that one of the 
advantages of strophanthin is its relative nontoxicity (“relativcn Ungiftigheit”), 
one wonders just what is meant, because it is very well known that the fatal dose 
of a digitalis bod}’ closely parallels its therapeutic activity. If by “Ungiftigkeit” 
the author means its relatively sliglit nauseant and emetic action, it is at least under- 
standable, because strophanthin is relatively less nauseant than some of the 
proprietary preparations with which the author compares it ; but this statement must 
not be undei’stood as indicating that it is less dangerously toxic. In pointing out 
the advantages of strophanthin over nearly similar substances, the argument is oc- 
casionally strained (page 77). 

When one has read the monograph carefully, one is impressed with the difficulties 
of treating cardiac disease wisely without that mastery of the subject which can be 
acquired only by long, patient, painstaking observations of symptoms and of the 
varying effects of the therapeutic use of digitalis. In this country, at least, it is 
the nearly imanimous opinion of cardiologists that the oral administration of digitalis 
suffices for the treatment of nearly all patients with cardiac disease who are capable 
of responding to it with any form of administration, and it must be apparent to 
all that the intravenous injection of strophanthin is dangerous in the hands of any 
but the well-informed cardiologist, though it is beyond question that nearly every 
physician will occasionally sec a patient suffering with acute cardiac failure who 
needs an intramuscular or intravenous injection of one of the digitalis bodies. 

A word of praise is duo the publisher. This monograph is beautifully printed 
and the illustrations and tracings show exquisite workmanship, so that it is a 
pleasure to read it. 


B. A. E. 
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Original Communications 


SYPHILITIC DISEASE OP THE COEONARY ARTERIES* t 

Howard G. Bruenn, M.D. 

New York, N. Y. 


INTRODUCTION 


A n abundant literature lias appeared iu recent years dealing 
^ with various aspects of cardiovascular syphilis. Relatively little, 
however, has beeu recorded coucerning syjphilitic disease of the coro- 
nary arteries, and a satisfactoiy correlation between the clinical and 
pathological features has not been established. It is the purpose of 
this paper to define the role of this affection in relation to the general 
picture of syphilis of the heart and aorta. 

Anatomically, syphilitic disease of the coronary arteries manifests 
itself in two ways: (1) obstruction to the coronary blood flow by 
stenosis or occlusion of the orifices of the coronary arteries, and 
(2) syphilitic involvement of the branches distal to the orifices. The 
role of syphilis in producing lesions of the latter type is of question- 
able importance. Warthin,^ who maintained that localized syphilis of 
the smallest arterioles is an essential paid of the general pathological 
condition of chronic or latent sj^philis, added that “syphilis of the 
coronary arteries, in our experience, has been found much less fre- 
quently than anticipated from its frequent mention in the litera- 
ture. . . . the larger branches of the coronaries only rarely show le- 
sions that can be recognized as syphilitic.'’ Maher- described changes 
of the larger branches of the coronary arteries similar to those found 
in the aorta. IMoritz® recently reported cases with like findings in 
those portions of the coronary arteries just outside the aorta. On the 
other hand, Martland,* Clawson and Bell,®' Leary and Wearn,® and 
Coombs' concluded that sjqihilitic coronaiy disease, except for in- 
volvement of the orifices, Avas rare. Scott® stated that “it is interest- 
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iiig- to note that in spite of the active disease surroundiug their ori- 
fices, the coronary vessels themselves were seldom involved.” 

The stud}’" of onr material has indicated that syphilis of the coro- 
nary arteries distal to their orifices is an nnconnnon lesion and is 
rarelj'- of clinical importance. This paper Avill, therefore, concern itself 
only with syphilitic stenosis or occlusion of the coronary orifices. 

AVhile the involvement of the aorta by syphilis was first suspected 
Pare® and Morgagni,^® the significance of this process in occluding 
the coronary arteries at their orifices has only recently been stressed. 
The first observations aiDpeared about the latter part of the nineteenth 
century and were in the form of ijathological reports, such as those 
quoted b.y Allbutt^^ and 0 ’Sullivan.^- Further interest in this type of 
coronary involvement was stimulated by the two cases reported bj'- 
Cannon^® in 1929, and more particularly, by the paper of Leary and 
AVearn® published in the same year. 

^MATERIAL* 

The material on which this study is based includes all of the cases 
of syphilitic cardiovascular disease which came to autopsy in the Pres- 
bjderian Hospital between the years 1910 and 1932, inclusive. During 
this period, 3,190 autopsies were performed of which 148 showed 
syphilitic involvement of the heart and aorta, an incidence of 4.6 per 
cent. The figure approximates those reported by other Avriters. 


Table I 

Incidence of Cardiovascular Syphilis .\t Autopsy 


AUTHOR 

locality 

NO. OF 

AUTOP- 

SIES 

NO. OF CASES 
AVITH CARDIOA'AS- 
CULAR SYPHILIS 

PER 

CENT 

SymmersH' 

New York 

4,880 

175 

3.5 

EeidiG 

Boston 

1,678 

54 

3.2 

Cowan and FauldsiT 

Glasgow 

1,000 

60 

6.0 

Cullinanis 

London 

1,000 

33 

3.3 


The degree of nazTOAving of the coronary orifices Avas A'afiable. 
There AA’^ere only 8 cases in the entire group of 148 Avhich shoAved ex- 
treme stenosis or complete occlusion of the right or the left eoronaiy 
openings. There Avas a considerable number, lioAA’^eA^er, Avith a sufficient 
degree of stenosis to liaA'e produced serious embarrassment to the 
coronary blood floAi”^ during life. ClaAvson and BelP in a similar group 
of eases published in 1927 gii’e approximate Amlues for the extent of 
the narroAving expressed in terms of fractions of the normal, but make 
no mention of a method’ of measurement, kloritz® and Saphir and 
Scott,’^® in their series of cases, describe the extent of the narroAving 
merely as “some stenosis” of the coronary orifices. 

‘Part of this material has already been studied from another viewpoint 
Turner, Golden and Von Glahn.“ The discrepancies between their figures ana 
following- are accounted for by the longer time period covered in the pre.sent seiic 
observations. 
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Tlie size of a normal coronary oi'ifiee lias not been clearly defined. 
In the absence of a normal standard for comparison it is impossible 
to recognize tbe lesser degrees of narrowing or to estimate tbe degree 
of stenosis. By means of a small, eone-sbaped piece of steel, the cir- 
cumference of wliicb was calibrated in millimeters, it was possible to 
measure witli a fair degree of accuracy the orifices of tbe coronary 
arteries in terms of their circumferences. From the inner surface of 
the aorta, this instrument was inserted as far as possible into the 
mouths of the coronary arteries. Care was taken that the tip should 
not be obstructed within the vessel itself, and just enough pressure 
was exerted to have the instrument fit snuglj’- into the opening. The 
measurement of the orifice was read from the calibrations on the in- 
strument. Fortunately, 118 hearts of the 148 eases of cardiovascular 
syphilis had been preserved, and these specimens were measured as 
described. 

In addition, 25 nonsj^ihilitie cases of similar age groups were se- 
lected as a control series, these eases presenting varying pictures of 
disease, different weights of hearts, with and without arteriosclerosis 
of the aorta, but with no obstruction to the mouths of the coronary 
arteries. In measuring this control group, it was found that the aver- 
age coronary arteiy orifice measured about 10 mm. in circumference. 
The normal range was from 8 to 11 mm. 


Table II 

Measurements of Coronary Orifices in 118 Cases of Aortic Syphilis 




NO. OASES 

WITH 

NORMAL 

ORIFICES 

PER 

CENT 

NO. OASES 

AVITH 

MARKED 

STENOSIS 

PER 

CENT 

Simple aortitis 


40 

50.6 

4 

10.3 

Aortitis witli aortic valve 

involve- 

18 

22.8 

25 

64.1 

ment 

Aortitis with aortic valve 

involve- 

10 

12.6 

9 

23.0 

ment with aneurysm 

Aortitis with aneurysm 


11 

14.0 

1 

2.6 

Totals 


79 

100 

39 

100 


Carr,-'’ in a group of 119 cases of cardiovascular syphilis, found 
coronary orifice involvement in 10 (8.4 per cent). Clawson and BelP 
reported 25 cases of sudden death from closure of the coronaries in a 
series of 126 cases, an incidence of 19.8 per cent. In Martland V group 
of 101 cases, the coronaries were involved in 15 (14.9 per cent). In the 
series studied by Saphir and ScotV" 37 out of 107 cases of luetic aor- 
titis (35 per cent) ivere found to have narrowed coronary orifices. 

In the piesent series of 118 hearts, 42 (35.6 per cent) showed patent 
coronary orifices measuring over 10 mm. in circumference ; in 37 cases 
(31.4 per cent) one or both openings ranged between 8 and 10 mm. ; 
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while 39 eases (33.0 per cent) luid coronary orifices one or both of which 
measured 7 mm. or less in circumference. This giye.s a total normal 
group of 79 cases (60.9 per cent) and 39 cases (33.1 per cent) Avith 
stenosed orifices. 

This table shoAvs a significant yet ohAnously logical fact. Syphilis 
iiiAmlving the aortic A’ah’e is often accompanied by narroAAung of the 
coronary orifices. Of fhe 39 eases .shoAA'ing definite stenosis to complete 
occlusion, 34, or 87.1 per cent, also shoAAmd inAmh'ement of the aortic 
Amh^es by the luetic process. This frequent a.ssoeiation of aortic iasuffi- 
ciency AAUth coronary orifice inA'oh’ement has been commented upon by 
most authors. FAirthermore, of the 5 eases .shoAAung stenosis of the 
coronary orifices but AA’ith no aortic regurgitation, 4 patients neA'er 
complained of any cardiac symptoms ajjd died of various affections.- 
quite lAiirelated to heart disease (cirrhosis of the liA’er, carcinoma, 
brain tumor and paralytic ileus). Thins, a consideration of .syphilitic 
coronary orifice inAmh'ement resoh'es itself into a discussion of aortic 
insufficiency AA'ith and AA’ithout this complication. 

PATHOnOGY 

In most of the forms of obliteratii'e endarteritis of A-essels of the 
size of the coronaries, occlusion deiiends upon the formation of a 
thrombus AAdiich subsequently undei’goes organization. For example, 
accompanying and folloAA’ing senile iiiA'olution of the uterus and oim- 
ries, an actiA’e endarteritis usually occurs but thrombosis is often a 
factor in leading to occlusion of the Am.ssel. In thromboangiitis oblit- 
erans, as AA^ell as in syphilitic disease of the cerebral A'essels, throm- 
bosis is the usual process by AA'hich the lumen of the vessel is closed. 
On the other hand, closure of the coronary arteries due to syphilis is 
alAAmys caused by encroachment on the orifices of the arteries by 
supraAmhuilar sclerosis of luetic origin. 

Microscopically, the process is similar to that seen in other portions 
of the aorta. There occurs an obliteratii'e endarteritis of those A’asa 
A^asorum AA’^hich ]ienetrate the muscular coat of the coronary arteries. 
The consequent impaii'ment of blood supjily leads to nutritional dis- 
turbances AAdiich are localized to those iiortions of the coronary A^es- 
sels AAdiich lie AAdthin the aortic AAmll. A ])rogressiAm increase of the 
subendothelial layer of the coronary intima takes place AAdiich narroAA's 
the lumen of the Am.ssel until total occlusion may result. The process 
preserves intact the endothelial lining of the coronary lumen, so 
that thrombosis does not occur. 

In these eases, interference Avith efficiency of the coronary blood 
flcAA"^ becomes marked. The x^rocess of occlusion is Amry gradual, hoAV- 
ever, and a collateral circulation 11133 ’' be set up, in part, iierhaps, 
through the Thebesian A’-essels.-^ The fact that the closure progresses 
sloAAd}^ explains the comparatiA’e iminunit 3 ’' of the patient from S 3 'mp- 
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toms and the remarkable freedom of the myocardium from scarrinp:, 
although the coronary circulation is impaired. 

In a series of 20 cases, Clawson and BelP noted 4 in which there was 
complete closure of coronary orifices — 4 of the rig’ht, none of the left. 
Reid" reported 5 similar eases— 3 of the right, one of the left, both in 
one. Cannon’s^- tAvo cases shoAved occlusion of the left in one case, 
of the right in the other. In the tAVO cases reported Leary and 
Wearn® the right coronaiy orifice Avas occlnded in both, the left in one. 
Of the 39 cases of this series in Avhich stenosis of the coronary orifices 
Avas present (the circumference being 7 mm. or less) the right coro- 
nary artery AA^as inAmlved in 9 cases, the left in 4, and both orifices 
Avere affected in 26 eases. If only total occlusion is considered, the 
right coronary oi'ifice Avas obliterated in 8 cases, the left in one. A 
compilation of these statistics, including the present series, leaAms the 
right occluded in 19 cases, the left in 5. There is no apparent expla- 
nation at the present time for the greater frequency and severity of 
right coronary orifice inAmlAmment. 

As the syphilitic process usuallj’’ stops at the upper level of the 
sinus of Valsalva except for peneti-ation along tlie attachments of the 
vaNes, an abnormally high origin of the coronary ai’teries might Avell 
be an important factor in the involvement of their orifices. That this 
inference is borne out by the facts Avas first pointed out by Von 
Glahn-® in 1923, and is shoAvn in Table III. 


Table III 

Position of the Coronary Orifices in Eelation to the Upper Lea’el of the Sinus 

OF Vai,salva* 



ABOVE 

AT 


BELOAV 


L. 

R. 

L. 

R. 

L. 

R. 

Coronary orifices patent 
(42 cases) over 1 cm. 

3 

0 

G 

4 

14 

12 

Slight stenosis 

(37 cases) 8-10 niin. 

15 

10 

O 

»■) 

O 

13 

17 

Marked stenosis 

(39 cases) 7 min. or less 

17 

13 

3 

4 

3 

4 


♦These cases include in part those reported by A'on Glahn“ in 1923, as well as those 
in his later publication.” 


The most conspicuous anatomical change noted in the myocardium 
Avith aortic insufficiency is cardiac hypertropliy, especially of the left 
Amntriele. The average increase in av eight of the heart is fully as great 
as that found in cardiac failure associated Avitii liyiierteusion. This 
hypertrophy appears to be the result of aortic regurgitation. The 
.smallest and largest heart in the group Avith stenosed orifices and in 
that Avith normal orifices Aveiglied about the same, respectively 250 and 
1,100 gm., yet as seen in Table IV, on the average the hearts AAutli 
stenosed coronary orifices Avere less lieaAy. 
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State of the Myocardium in 62 

Table IV 

Cases op Syphilitic Aortic Insufficiency 


NORMAL 

STENOSED 


CORONARY ORIFICES 

CORONARY ORIFICES 


(28 CASES) 

(34 CASES) 

Aortic ring 

7.72 cm. 

7.75 cm. 

Weight of heart 

Gross myocardial fibrosis 

711 gm. 

577 gm. 

none 

20 

21 

slight 

4 

4 

moderate 

2 

1 

marked 

1 

1 

infarction 

1 

O 


It is conceivable tliat interference witli tlie blood flow tlirongli tlie 
coronarj’- arteries diminislies tlie ability of the heart to enlarge. Ar- 
teriosclerosis of the eoronaiy arteries was approximately of the same 
frequene 3 '- in both groups. Aschoff bodies in the mjmcardium were 
found in 3 eases of the group with normal orifices, in one ease with 
stenosed eoronaiy orifices. ri}’’pei’tension was no more frequent in one 
group than in the other. It will be shown that no great variation ex- 
ists in the average of the two groups as regards time of onset of infec- 
tion and duration of life. 

Gross areas of mjmcardial fibrosis occurred with approximatel.y the 
same frequencj’’ and were of about the same degree of severitj’’ in each 
group. There ivas, in general, sufficient atheromatous change in the 
arteries themselves to account for the amount of fibrosis iiresent. Cer- 
tainly, no correlation was apparent in the group with stenotic orifices 
between the degree of stenosis and the amount of scarring. However, 
in most cases showing marked stenosis or complete occlusion of the 
coronarj'- oidfices, there ivas little or no fibrosis either grossly or miero- 
scopicalljL Infarction of the heart in this condition is a relathmlj'' rare 
complication, there being onlj'' 3 instances of infarction in this series 
in which the scarring was due to stenotic eoronaiy orifices. Saphir-"* 
has reported a similar case of infarction. 

CEINICAE FEATURES 

The part played by the narrowing or occlusion of the coronary ori- 
fices in coloring the clinical picture of luetic aortitis has been subject 
to much conjecture. There exist no clear-cut criteria at the present 
time which enable the clinician to make a positive diagnosis. To 
determine if there were differences in the manifestations of cases of 
aortic regurgitation with and without stenosis of the coronary open- 
ings, the clinical data were compared. 

A comparison of these two groups of cases shows that there was a 
slightly lower age level in the group with stenosed coronary orifices, 
as indicated in Table V. 
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Table V 

Eace, Age, Sex and Duration of Life in 62 Cases of Syphilitic Aortic In- 
sufficiency 


NORMAL 

coronary orifices 
(28 cases) 


Eace Negro 

7 


White 

20 


Yellow 

1 


Sex Male 

23 


Female ' 

5 


Age at time of initial lesion 

25.3 

yr. (18-38) 

Age at time of cardiac symp. 

51.2 

yr. (32-69) . 

Duration of latent period 

22.7 

yr. ( 4-35) 

Time from first cardiac symp- 

8.75 

mo. (1 wlc.-3 yr.) 

tom to admission 

Time from first cardiac symp- 

11.4 

mo. (1 wk.-3 yr.) 

tom to death 

Duration of life from primary 

23.4 

yr. (4-35) 

lesion 


STENOSED 

CORONARY ORIFICES 
(34 CASES) 

__ 

17 

1 

27 

7 

23.6 yr. (14-32) 

46.3 yr. (25-62) 

20.5 yr. ( 5-39) 

8.2 mo. (1 wk.-3 yr.) 

9.9 mo. (2 ivli.-S yr.) 

21.1 yr. (5-39) 


Tlie tendency of the coloi-ed race to develop cardiovascular sjTpliilis 
is well known. Not only is the incidence of cardiovascular syphilis 
high in the negro, but the average age at which he first develojis car- 
diac symptoms is much lower than that for the white. Wliether this 
fact is due to the earlier age at which the negro is infected, or whether 
it is due to the more rapid and virulent course ivhich the infection 
runs in this race must remain in doubt, as there ivere not sufficient 
data on the latent period of the infection. The ratio of whites to 
negroes in the total autopsy series in this hospital is about 11 :1. In 
the cases of cardiovascular syphilis, the ratio becomes reduced to 3 :1. 
In the cases of syphilitic involvement of the coronary openings the 
ratio of negroes to ivhites is further reduced to 1 :1. In other words, 
approximately 50 per cent of the negroes in the entire series of cardio- 
vascular syphilis (18 out of 37 cases) had partially or completely oc- 
cluded coronary orifices, as compared to 21.5 per cent of the whites 
(17 out of 79 eases). This fact may be of some importance in explain- 
ing the severity of syphilitic cardiovascular disease in the negro. 

Table VI 

Classification of Chief Complaints in 62 Cases of Syphilitic Aortic 

Insufficiency 

NORMjAL STENOSED 

coronary orifices CORONARY ORIFICES 
(28 cases) (M CASES) 


Dyspnea 

IS 

20 

Orthopnea 

2 

4 

Paroxysmal nocturnal dyspnea 

o 

•J 

0 

Pain (cardiac) 

10 

13 

Edema 

5 

7 

Cough 

4 

3 

Weakness 

2 

6 

Insomnia 

1 

0 

No cardiac symptoms 

2 

4 
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When these groups are compared as to total sjnnptoms, there is 
again great similarity between them (Table VII). 

Only minor Yariations in the frequency of the symptoms occuiTed. It 
should be noted Yvith regard to pain that there was the same number 
of cases Avith aneurj^sm in the Iavo groups. The frequency Yvith Yvhich 
cardiac pain is expei’ienced in aortic syphilis has been assumed by 
Coombs,' among others, to be due to obstniction of the coronary orifices. 

The clinical charts were incomplete in detail, especially in the earlier 
years, with respect to the description of cardiac jiain. It does appear, 
however, that pain referred to the epigastrium is twice as common in 
those cases Avith coronary orifice occlusion as in the nonaffected group. 
In those eases AAdth coronarj'" orifice occlusion the pain has a definitely 
greater tendencj’" to radiate than in the other groujis. It is also of 
interest that cardiac pain Avas present in 15 cases (62.5 per cent) of 
the steiiosed group in contrast to only 5 cases (27.8 per cent) in the 
other group. The absence of pain, hoAA’'eA^ei’, does not I’ule out the 
presence of stenosis or occlusion. On the basis of the aA'^ailable data, 
clinical differentiation betAveen the eases Avith involvement of the 
coronary orifices and those Avithout such involvement is often difficult 
or impossible (Table VIII). 

Physical Findings . — A consideration of the chief findings on physical 
examination is found in Table IX. 


Table IX 


Changes on Physical Examination in 59 Cases of 

Insufficiency 

Syphilitic Aortic 


NORMAL 

STENOSEH 


CORONARY ORIFICES CORONARY ORIFICES 


(26 cases) 

(33 cases) 

Cardiac hypertrophy — 

no enlargement 

O 

1 

sliglit enlargement 

9 

18 

marked enlargement 

15 

14 

Rhythm— 

regular 

17 

22 

extrasA’stoles 

7 

10 

Gallop 

4 

0 

Thrill 

4 

6 

Peripheral sclerosis — 

iiono 

2 

3 

slight 

12 

19 

marked 

4 

1 

Edema — 

none 

4 

12 

slight 

15 

12 

marked 

4 

7 

Hypertension (over 160 

svstolic or 12 

11 

100 diastolic) 
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In addition to these, both groups showed some or all of the well- 
recognized signs of aortic insuffieiencjL Practically all the eases in 
each group showed a Corrigan pulse with a large pulse pressure, as 
well as the characteristic diastolic murmur. The hearts in the group 
with normal coronary orifices were usualty markedly enlarged, while 
in the other group they tended to be only slightly enlarged. This 
finding on physical examination cheeks with the pathological findings. 
There was great similarity in the types of heart rhythm between the 
two groups. There was a slight tendency of the cases with normal 
coronary openings to shoiv marked peripheral sclerosis, which may 
possiblj^ be due to the somewhat greater age of these patients. The 
frequency of hj'-pertension was approximately the same in both groups. 
Noteworthy, however, is the fact that over twice as many patients 
with stenosed coronary orifices failed to sliow edema as did those in 
the other group. 

Roentgen Bay Examination . — ^No si>eeifie change in the x-ray picture 
can be attributed to s^qiliilitic disease of the coronary orifices. The 
hearts are smaller in the group with stenotic orifices, but this differ- 
ence in size is of doubtful diagnostic aid. 

Wasserniann Reaction . — Table X gives the results of the Wassermaun 
reactions in the two groups. There are no conspicuous differences be- 
tween them. 


Table X 

Sekologt in 62 Cases or Syphilitic Aortic Insufficiency 



NORMAL 

CORONARY ORIFICES 

(28 cases) 

STENOSEB 
CORONARY ORIFICES 

(34 cases) 

Blood Wassermann — 

Strongly positive 

25 

27 

Weakly positive 



Anticomplementary 


1 

Negative 

2 

1 

Test not performed 

1 

3 

Spinal fluid — 

Strongly positive 

1 

4 

Negative 

2 

4 


Electrocardiogram . — The electrocardiogram in sjqjhilitic aortitis 
shows no abnormalities which can be termed characteristic. The com- 
monest finding is left axis deviation, which may well be associated 
with the hypertrophy of the left ventricle occurring with aortic in- 
sufficiency. duster and Pardee-® found abnormal T-waves in 85 pei 
cent of 34 cases of aortic insufficiency. They state that “coronaiy 
narrowing by luetic aortic aortitis must lead to a defective nutrition 
of the heart muscle and this we believe is the cause of the abnoi’inali- 
ties found in the electrocardiograms of our patient with aortic in- 
sufficiency.” This opinion is not uneominoii. 
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ElectrocarcliogTapliic tracings were made in 13 eases witli normal or 
slightly narrowed coronaries and on 12 cases which showed markedly 
stenosed or occluded coronary orifices (Table XI). 


Table XI 


Electrocardiographic Changes in 25 Cases op Syphilitic Aortic Insufficiency" 


normal 

CORONARY ORIFICES 
(13 cases) 

STENOSED 

CORONARY ORIFICES 
(12 CASES) 

Premature beats 

3 

4 

Prolonged A-Y conduction 

3 

2 

Eight axis deviation 

0 

1 

Left axis deviation 

11 

8 

QI?'S — 

abnormal duration 

3 

2 

notched or slurred 

7 

7 

low voltage 

1 

1 

Total significant QES abnormalities 

11 

10 

T-wave — 

down in Lead I 

3 

5 

down in Lead 11 

1 

0 

down in Leads I and II 

5 

4 

diphasic in Lead I 

1 

0 

low voltage 

3 

1 

Total significant T-wave abnormalities 

13 

10 

No abnormalities of T-wave 

1 

3 

Bundle-branch block 

3 

4 

Partial heart-block , 

1 

0 


*AU cases with significant arteriosclerosis of the coronai-j- arteries have been 
omitted from this tabic. 


No significant differences betiveen the two groups Avere found. The 
abnormalities of the T-AAmA^es and of the QES group as AA'^ell as the fre- 
quency of occurrence of left axis deviation Avere approximately the 
same in both groups. It appears that abnormalities in electrocardio- 
grams of patients Avith luetic aortic regurgitation cannot be ascribed 
solely to coronary orifice stenosis or occlusion. 

Clinical Types . — A critical study of the cases Avith stenosed coronary 
orifices leads to the impression that one type of ease stands out 
sharply by reason of certain distinctive features. There Avere 5 such 
cases in this series (14.7 per cent). Thej’’ can be segregated roiighlv 
by age, but more definitely by the clinical and pathological findings'. 

1. They Avere characterized by their youth. All Avere in the third 
and fouith decades of life. No case in this series AA'^as aliA'^e after the 
age of forty years. The youngest Avas tAventy-oue years, the oldest 
thirty-nine. The average age AAms 33.6 years. 

2. Sex and race Avere not distinctiAm. 

3. Examination of the hearts shoAved little or no hypertrophy in the 
0 cases of this series. The largest heart Aveighed 420 gm., the smallest 
260 gm. The average Aveight Avas 370 gm. 
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4. Except ill one instance, in Avliieli large atrophic scars were found, 
the inyoeardinm was free of gross fibrosis. Histologically, there was 
a small amount of fine scarring, and two cases showed focal necroses. 

5. Ill no instance was arteriosclerosis of the coronary arteries pres- 
ent. Both coronary orifices were extremely stenosed in 4 cases. The 
fifth case showed marked stenosis of the left opening and slight nar- 
rowing of the right. The right eoronaiy orifice ivas occluded in two. 

6. Pain ivas the predominant eom 2 ilaint in all. It was paroxysmal 
in tjqie, being referred in one case to tlie precordinm, in the others to 
the epigastrium or to the sternum. Padiation of the pain ivas present 
in 4 of the 5 eases. 

7. The absence of edema in all eases was striking. 

8. The average duration of life after the onset of cardiac syiniitoins 
was 3.2 months (3 weeks — 7 months), as contrasted with 9.9 months 
(Table IV) for the total group. 

The following ease histories are illnstratiAm of tliis group: 

Case 1. — History, No. 361980, D. P., a tweiity-oiie-year-olcl colored girl, was 
brought to the admitting clinic at 2 A.M., February 12, 1932. She was obviously 
in great pain. When seen a few minutes later she was in collapse. >Slie was very 
pale, pulseless, and no signs of cardiac activity could be elicited. Her respirations 
became labored, and ■n’itli each gasp pink froth e.^uded from her nose and mouth. 
Emergency measures were ineffectual, and she died within fifteen minutes. 

Some history was obtained from her husband. He had known her for seven years 
and had been married to her for the last throe years. Other than an appendectomy 
in 1925, she had always been Avell so far as he knew. There had been no rheumatic 
manifestations. Star-ting five months before admission, she began to complain 
of pam in the epigastrium and dyspnea on exertion. She began to use two pillows 
at night. Three months before admission she had an attack of severe epigastric 
pain lasting about twenty-four hours, relieved by a hy 2 )oderinic. For one month 
.she had epigastric jiain after meals, relieved by rest. For -the last week she had 
been able to take only fluids because of the distress. Nine hours before admission 
she had a recurrence of the pain, similar to the attack which she had had three months 
liefore. Her iihysician gave her a fluid medicine, part of which she vomited. He 
Ihou sent her to the hospital. 

Av-tapsy No. 11,100. There Avas nothing of interest other than the heart and 
aorta. Tlie heart iveighed 260 grams. The epieardium Avas smooth. The right 
auricle, tricuspid valve, right A'entricle, pulmonic and mitral A-ah-es and left ven- 
tricle Avere normal. Tlie aortic A’alA'e flajis Avere slightlj" thickened, and the com- 
missures Avere AA-idened. The left coronary artery arose 1 cm. aboA’o the lino .loin- 
ing the commissure, the right 2 mm. aboA-e. The orifices Avere almost occluded b.A 
the intimal plaques in the aorta, but there Avas no narroAving or occlusion in the 
rest of their course. 

The myocardium shoAved no gross fibrosis. 

The aorta Avas elastic and of normal size. ExcejAt for longitudinal AA-rinkling m 
the ascending i)ortion, it aaa'is normal. In the descending portion, particularh the 
loAA'or half, there Avere numerous atheromatous plaques vA-hich Avere calcified. 

The lungs shOAA-ed edema. 

MicroseoiAically, the heart muscle fibers AA-ere of normal size. There vrcrc sc\ 
eral areas of necrosis in the inyocardiuni, a.s.sociatcd AA’ith inflammatory reactions. 
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The aceoinpaiiyiiig cellular reaclio]i consisted in the main of elongated niono- 
nucleai' cells resembling fibroblasts, many of n’hieh n'Cre in a state of mitosis. 
With them were a fen* large mononuclear ameboid cells with vacuolated cytoplasm. 
With the muscle necrosis, there were also a few poljunorphonuclears. The blood 
vessels were normal. 

The aorta showed the typical picture of syphilis. There was thickening of the 
intima with small lymphoid accumulations near the endothelium, penetrating blood 
vessels in the media with perivascular infiltration of lymphoid and plasma cells. 
Many of the vasa vasoruni had greatly thickened walls. 

Case 2,— History, No. 353635, M. S., a thirty-three-year-old widowed negro house- 
wife, was first seen on September 16, 1932, Avhen she came to the out-x:)atient clinic 
complaining of acute pain in the epigastrium radiating to both shoulders, both 
arms and around the heart. She had been married five years before, her husband 
‘ ‘ dying of insanity ’ ’ two years later, at the age of thirty -nine y^ears. One baby died 
soon after birth. The next pregnancy resulted in a miscarriage. 

The patient had been yierfectly well until five years before, when she married. 
Almost immediately she developed “womb trouble “ with pain in the lower ab- 
domen and leueorrhea. Three weeks before admission, after climbing three flights 
of stairs she suddenly developed terrific substernal pain which radiated through to 
the back and to both shoulders and arms. The pain was so bad that she fainted and 
was unconscious for about eight minutes. When she regained consciousness, she 
still had some epigastric and substernal discomfort. She stayed in bed for a day, 
with little relief. Since then she had had recurring attacks while walking, on 
eating, or on drinking cold water. With these severe attacks of pain, she would 
break out in a cold sweat and feel faint for a few minutes. She became dyspneic 
and orthopneie and for three or four nights before admission had had paroxysms 
of nocturnal dyspnea. 

On examination she appeared to be acutely ill, crying out at intervals and hold- 
ing her hand to the precordial region. The examination w’os negative except for 
the cardiovascular system. The heart was slightly enlarged. The left border of 
dullness was 6 cm. in the second interspace, 8 cm. in the third and 11 cm. in the fifth 
interspace to the left of the sternum. There were no thrills or shocks. The rhythm 
was regular. The rate was 80 per minute. The heart sounds were of poor mus- 
cular quality. A short systolic murmur and long blowing diastolic murmur were 
heard at the base in the third left interspace, transmitted over the precordium. 
The pulse was of the Corrigan type. The peripheral vessels were not sclerotic. 
The blood pressure was 172/50 in both arms. The liver was not palpable, the lungs 
were clear, and there was no edema of the extremities. 

A leucocyte count showed 6,000 cells with 53 per cent imlymorjihonuclears and 
47 per cent small lymphocytes. A blood Wassermann was not done. 

She was immediately admitted to the hospital. Her temperature was 99.3°, 
pulse 74, respiration 20. While imder observation, she had attacks of severe pain 
coming on every few minutes. Nitroglycerin gave only momentary relief. Morphine 
gave some relief, but the pain persisted and she began to vomit small amounts 
of bile-stained fluid. Twelve hours after admission she suddenly stopped breathing. 

Aviopitij No. 11,050. The pathological findings of interest were confined to the 
heart and aorta. The heart weighed 400 grams. The epicardium was smooth and 
glistening. The tricuspid, pulmonic and mitral valves wore normal. The aortic valve 
cusps were thickened and retracted, and their commissures widened. The thickening 
of the valves was almost entirely confined to the free margins of the cusps. Here 
there nas a rolled, considerably stiffened ridge involving the ma.ior portion of the 
free margin of each cusp. The bases of the cusps were normal. ' 
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The root of the aorta, for a distance of 2 cm. above the commissures, was thick- 
ened, irregular!}' wrinkled and contained many shallow pits and depressions. Just 
above the right posterior cusp of the aortic valve, the aorta was raised over an 
area 1 cm. in diameter, and beneath this raised area was a small accumulation of 
yello-w material, apparently in the media. The wall about this material was gray 
and translucent, and bcj'ond was a wide zone of injected vessels. The process in 
the base of the aorta ended sharply in a wavy line. In the remainder of the aorta, 
the intima contained many small elevated gray and yellow patches, most marked in 
the thoracic aorta. No definite longitudinal wrinkling was seen. 

The mouths of the coronary arteries were markedly involved and were well above 
the level of the highest commissure. The right coronary had two pin-point orifices. 
The left coronary orifice was found to be much larger than the right, but immediately 
beyond the orifice, the lumen was found to be practically occluded by wrinkled, 
translucent, thickened intima. The distal ijortions of both coronaries were normally 
patent, and contained only a few small atheromatous plaques. 

The myocardium was brownish rod, firm and free from obvious fibrosis. 

Microscopically the muscle fibers were somewhat increased in size. There were 
a few fine, fibrous scars throughout, and some sections disclosed a beginning necrosis 
of some of the muscle bundles. In several areas the muscle fibers appeared shrunken 
and their structure was indistinct. No cellular infiltration could be seen. The 
smaller vessels appeared to be normal. 

Tliese ease liistories typifr tltat form of luetic corouazy orifice in- 
volvement Avhich may well be called the acute form of tlie disease. 
The process evidently advanced too rapidly to allow tbe development 
of an adequate collateral circulation. Clinieallj’', the patients show 
many of the signs and sjunptoms of acute coronary obstruction. It is 
only in this type of case, where tliere is rapidly progressive narrow- 
ing of the coronary orifices, that the diagnosis can be made Avith any 
great degree of accuracy. 

Mode of Death . — In the presence of aortic insufficiency, the enlarged 
heart maj'" fail Avithout shoAving any eA'idence of myocardial injury 
other than hypertrophy. It has been argmed that partial or complete 
closure of the coronary orifices may also play an important role in 
producing failure. A number of reizorts liaA^e been published to sub- 
stantiate this point, among others, those of O’SulliAmn^- and Leary 
and Wearn.® ClaAvson and BelP noted that 25 patients in their sei’ies 
of 126 died suddenly. Of these, 15 hearts Avere examined. Closure of 
the coronary orifices Avas the conspicuous anatomical change found in 
all. While there Avas some hypertrophy (aA'erage 403 gm.) “it was 
not marked and Avas not of sufficient degree to be responsible for 


Table XII 

Mode of Dea'pii in 62 Cases of Syphilitic Aortic Insufficiency 



NORMAL 

STENOSED 


coronary orifices 

coronary ORIFICES 


(28 CASES) 

r.ll cases) 

Gradual failure 

6 

5 

Eapid failure 

10 

12 

Sudden death 

12 

17 
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bringing about tlie sudden death. In tliese eases, death resulted pri- 
marily from the narrowing of the coronary orifices.” 

An analysis of the manner in Avhieh the patients of this series died 
is shown in Table XII. 

There is a slightly greater tendency on the part of those patients 
with stenosed coronary orifices to die suddenly. There Avere 5 cases 
ndiich shoAved extreme stenosis of both coronary openings (4 mm. or 
less in circumference), and the aAmrage heart AA^eight Avas 370 gm. 
All of these patients died suddenly. On the other hand, there AAmre 7 
cases in AAdiieh only one orifice shoAAmd extreme narroAAdng. The aAmr- 
age heart AA'^eight in these eases Aims 660 gm. Only three of these in- 
diAu duals died suddenly. It appears that marked stenosis of both 
coronary orifices predisposes to sudden death. 

sujMyiary and conclusions 

One hundred and eighteen eases of cardioA-ascular syphilis have been 
analyzed to determine the bearing of coronary orifice stenosis upon 
the pathological and clinical picture of the disease. The degree of 
orifice involvement Avas determined by actual measurement. The 
method of measurement AA'as described. It Avas found that the normal 
coronary orifice Avas about 10 mm. in circumference, the loAver limit 
of normal 8 mm. The pathology and mechanism of occlusion of the 
coronary openings were discussed. Thirty-nine eases (33 per cent) of 
the 118 studied shoAved coronary orifices, one or both, 7 mm. or less in 
circumference. Of these 39 cases, 34 (87 per cent) had aortic insuffi- 
ciency. These cases Avere then compared Avith 28 Avhich shoAved aortic 
insufficiencj'- but Avith no coronary orifice stenosis. The folloAving ob- 
servations Avere made : 

1. The right coronary orifice Avas found to be much more frequently 
occluded than the left, 8 times to one. 

2. An abnormally high origin of the coronary arteries appeared to 
be an important factor in the inAmlAmment of their orifices. 

3. On the average, the hearts Avith stenosed coronary orifices Avere 
found to be less hypertrophied than those Avith patent coronary 
openings. 

4. Infarction AA^as relatively rare in ca.ses Avith syphilitic stenosis or 
occlusion of the coronary artery orifices. 

5. The clinical data. Avere revicAved. Negroes Avere much more prone 
to deA'elop stenosis of the coronaiy openings than AA'ere Avhite people, 
48 per cent of the negroes shoAving this complication as compared to 
23 per cent of the Avhite group. There appeared to be a .slightly loAver 
age level at AAdiich those cases Avith stenosed orifices had their initial 
lesions and developed their first cardiac complaints. This Avas found 
to be due to the large number of negroes in this group. The duration 
of life from the onset of cardiac symptoms Avas shorter in the patients 
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with stenosed coronary orifices tlian in the yronj) Avith patent coronary 
openings. 

6. No major differences AA^ere obseiwed betAA^een the tAvo groups as re- 
garded sjanptoms, findings on physical examination or other diagnostic 
criteria. Electrocardiographic tracings in this condition AA^ere briefly 
discussed. 

7. A clinical and pathological picture A\'as draAAui, and tAvo cases AA'ere 
rcjjorted in full, illustrating the type of case AAuth s.yphilitic coronary 
orifice inAmh'ement A\diich lends itself most easily to diagnosis. 

8. Extreme stenosis of the coronary openings due to syphilis jDre- 
disposes to sudden death. 

The autlior is indebted to Professor Jaine.s W. .Toblin^ for ])erinission to utilize tlie 
records of the Department of Pathologj'. 
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STUDY OF GLUCOSE THERAPY IN HEART FAILURE IN 
ADVANCED CARDIAC DISEASE'^ 


Abigail Eliot Smith, M.D., and Drew Luten, M.D. 
St. Louis, Mo. 


D uring the last eight years there have been many reports in the 
literature concerning the use of glucose in the treatment of cardiac 
failure. Experimentally there is evidence that the feeding of glucose 
results in an increase of glycogen in the cardiac muscle. In 1929, 
Bayliss, Mueller and Starling^ found that insulin and glucose would 
pi'olong the life and efficiency of a heaid-lung preparation. A. Valdes- 
in 1929 demonstrated that in fasted rabbits glucose and insulin caused 
the stores of glycogen in the ventricular muscle to increase in greater 
lU'oportion than in any other organ or muscle. They drew attention to 
the possible importance of this fact in treating patients with heart dis- 
ease. C. N. H. Long and G. T. Evans,® 1932, showed that insulin and 
glucose given together to fasted rats caused a definite increase in glycogen 
in the heart, as well as in the gastrocnemius muscle. Insulin augmented 
the effect of glucose in the experience of all three of these groups of 
investigators. 


Clinical evidence in favor of glucose therapy in cardiac disease has 
been presented by various authors since 1926. At that time there was 
a report by Osato'* in which a patient twenty-one years old with mitral 
stenosis and advanced heart failure was given 50 c.c. of 10 per cent 
glucose intravenously, with 5 units of insulin subcutaneously. Within 
half an hour after the injection the patient was relieved of his dyspnea 
and fell asleep. On the following two days he had a diuresis of 3200 
and 4400 c.c. The author remarked that glucose has an “enormous 
therapeutic power” in severe cardiac insufficiency. In 1927 StcjskaF' 
recommended the injection of 20 c.c. of 33 per cent to 50 per cent glucose 
two or three times weekly in cardiac insufficiency, angina pectoris, pul- 
•monary edema, and a variety of conditions other than cardiac. No 
insulin was used. No data or case reports are given. Jagic and Klima" 
in 1927 reported definitely good results in treating pulmonaiy edema, 
angina pectoris and cardiac dyspnea with 20 c.c. of 40 per cent glucose 
intravenously. They advise a “small bleeding” before the injection. 

In 1928 Smith, Gibson and Ross" repox’ted striking improvement in 
cardiac patients Avho were given a high carbohydrate diet. 


•From the Depavtn^ent of Internal Me-licino. 
Alodioinp .and tlic TJarno.': HospitnL 
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Kisthinios and Goineii,® 1930, report tJie results of treating- cardiac 
failure with glucose Ijj'- mouth, together witli iusuliu subcutaneously. 
They administered 80 grams of glucose in the form of saturated syrup, 
together with 4 units of insulin. Tliis was given every moniing for 
eight or ten days. Their patients seemed to get temporary relief from 
nocturnal dyspnea and pulmonary edema. 

Rimbaud, Balmes, and Martin” (1931) used 50 per cent glucose by 
mouth, 100 c.e. per day for five days with 5 units of insulin before each 
dose. After five days the amounts were doubled. They found that 
dyspnea was relieved very ])romptly, within the first quarter of an 
hour; that diuresis began in forty-eight hours and continued with dis- 
appearance of edema. There Avas relief of anginal pains. Visceral stasis 
Avas not relieved effeetivel.AE 

In 1932 Spragaie and Camp*” rc])orted the results of giAung from 50 to 
100 c.e. of 50 per cent glucose intravenously to a. group of 19 patients. 
In congestive lieai't failure there AA'as slight effect and no satisfactory 
diuresis. There AA-as no effect in diphtheritic myocarditis except that 
the patient aa'us “kept comfortable up to the moment of death.” No 
effect AA'as noted in coronary tlirombosis. In tAVO cases of paroxysmal 
tachycardia there Avas improA-ement; in two similar cases, none. They 
quote Mai’A'in as giviirg the folloAAung indications for glucose therapy 
in cardiac disease: (1) congestive heart failure not responding to other 
treatment; (2) diphtheritic myocarditis; (3) coronary thrombosis in 
AA'hich shock is a presenting factor; (4) paroxysmal tachycardia. 

The present stud.y Avas undeidaken AAuth a aucav of determining the 
scope and Amlue of glucose as an ad.iunct to other forms of cardiac 
therapy. It is a report of the use of glucose in 16 cases of heart failure 
in advanced heart disease. An effort Avas made to control the obsexwa- 
tions by keeping the patient at rest Avithout treatment for tAvo or three 
days before giAung glucose. This Aims not ahvays justifiable' in urgent 
cases, in some of Avhich glucose Avas given at once, and in others, digitalis. 
In the latter, glucose Avas given after the effects of digitalis had been 
observed. Since all the patients receiAmd both glucose and digitalis at 
different times, it is possible to make some comparison of the effects of 
the tAvo agents in the same ease. 

The criteria used to estimate the effect Avere : first, relief of dyspnea 
and of pain, both subjeetiArnty and objectiAmly; second, diuresis; third, 
decrease of edema and of eAudenee of Ausceral congestion; fourth, the 
combination of all faAmrable changes, i.e., restoration of compensation, 
fifth, any definite improvement in general condition. 

Glucose Avas grten in 5, 10, 25, and 50 per cent solutions. On several 
occasions from 5 to 10 units of insulin Avere administered fifteen minutes 
before the glucose. There aixpeared to be no striking relation of 
therapeutic results to the concentration of the solution or to the use oi 
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omission of insulin. It was found that 50 per cent glucose tended to 
pi’oduce lieavj’’ sweating and occasionally thrombosis of veins near the 
site of injection. The 25 per cent solution did not cause these incon- 
veniences and was used in tlie majority of cases. 

The cases are presented in chronological order. 

Case 1. The patient vas a white man of thirtj’-one years, whose presenting 
condition was paroxysmal tachycardia of ventricular origin. He gave a history of 
an attack suggestive of coronary occlusion one year preceding admission and had 
had several prolonged attacks of paroxysmal tachycardia during the preceding 
eleven months. The attack observed on admission had lasted about three weeks. 
Efforts to stop the attack with quinidine were only temporarily successful, and his 
dyspnea and weakness progressed to profound prostration with signs of circulatory 
failure. Four days before death he showed marked venous engorgement and a 
phlebotomy with removal of 325 c.e. of blood was performed. Immediately fol- 
lowing tills he was given 50 c.c. of 50 per cent glucose intravenously. The venous 
stasis and general prostration were slightly improved for a few hours. Heavy 
sweating followed the glucose injection. In the next four days he developed 
ascites, massive edema of the legs, and edema of the lungs, and died. At autopsy 
a localized myocardial scar was found, but no evidence of coronary sclerosis or of 
valvular disease. The etiology of the oi-iginal infarction in so young a subject 
remained obscure. It was impossible to attribute any therapeutic effect to the 
glucose, other than a transient general support. 

Case 2. A woman forty-eight years old was admitted to the ward with a heart 
rate of 145, breathlessness, and edema. Auricular fibrillation ' was present. The 
liver was engorged and there were rales at the bases of both lungs. Tlie patient 
had had no digitalis for ten days. After two days' rest in bed there was slight 
improvement in symptoms and the heart rate was 130. Her heart disease was 
thought to be due to a toxic thyroid adenoma of long standing. On two successive 
days she was given 100 c.c. of 5 per cent glucose preceded by 5 units of insulin. 
On each occasion there was transient subjective lessening of the dyspnea. The 
heart rate tended to rise, however, and reached 170. The edema increased and the 
patient gained six and one-half pounds in four days. Glucose administration was 
discontinued, and she was digitalized with prompt and satisfactoiy improvement. 
Tlie edema subsided slowly and she was discharged in good condition. Subsequent 
observations in the out-patient department have invariably shomi rapid auricular 
fibrillation in spite of the use of digitalis, but no evidence of congestive failure. 
She has declined treatment for the thyroid condition. 

Case 3. A young man thirty-one years old with a histoiy of high blood pressure 
for ten years came in with marked dyspnea, orthopnea, and general anasarca. He 
had been in a hospital for six months and had developed massive edema two weeks 
before his transfer to our ward. On admission he was given 0.5 gm. of digitalis, 
and then was observed without medication for two days. His vital capacity was 
1151 c.c. His blood pressure was 180/130. The nonprotein nitrogen was 138 mg. 
per cent. He was given 100 c.c. of 10 per cent glucose preceded by 5 units of 
insulin. The dyspnea was subjectively less, and he could lie flat. Tlie vital capacity 
was 1340 c.c. but in three days he had gained four pounds. He was digitalized 
n-ithout effect upon the dyspnea, urine output, or edema. At this point daily injec- 
tions of 100 c.c. of 50 per cent glucose were started. This produced considerable 
subjective relief of dyspnea and of general discomfort. The urine output was in- 
creased from 1,000 c.c. to 1,500-2,000 c.c. However, he continued to gain weight 
steadily with increasing anasarca. At the end of two weeks he had gained 15 
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pounds. Salyrgan intravenously was not effective in j)ioducing diuresis. Both the 
blood pressure and the nonprotein nitrogen rose, and his condition became more 
and more distressing. He received nine injections of oO per cent glucose, this being 
the only form of therapy that seemed' to yield any benefit. Each dose gave transient 
relief of dy'spnea and general discomfort and tended to quiet restlessness, and also 
to improve the patient’s mental outlook. In fact, there was a certain euphoria 
following each injection. The available veins became thrombosed, and intravenous 
therapy had to be given up. The patient became moribund and died ten days later. 
Autopsy showed chronic glomerular nephritis and cardiac hypertrophy. 

Case 4. A man, aged fifty-five y^ears, who was definitely senile came into the 
ward a few hours after an early morning attack of precordial pain and dyspnea. 
He had had a similar attack followed by the onset of congestive failure nine 
months pre%fiously. On admission his blood pressure was 200/125 with pulsus 
altemans. Numerous rales were heard at the bases, the liver was slightly enlarged, 
and there was slight edema of the ankles. The electrocardiogram showed T-waves 
of the "coronary” type. He was observed at rest for three days. His dyspnea 
tended to be less and the edema of the feet disappeared, but later the dyspnea 
returned with cough. He was given 100 c.c. of 10 per cent glucose preceded by 
five units of insulin in the evening. The next day he volunteered the infomiation 
that his shortness of breath and cough had been greatly relieved following the injec- 
tion and that he had had a comfortable night. He looked better and was not dyspneic. 
The next day he developed severe substernal pain following slight exertion. He 
was seen to be in great distress, with yellowish pallor and cold sweat. One hundred 
c.c. of 10 per cent glucose with 5 units of insulin wei’e given intravenously. During 
the administration he obtained relief, and his appearance improved dramatically 
as his color changed from yellow to a normal shade. He remarked that althougli 
the substernal pain was gone he could still feel residual pain in his elbows. Some 
hours later during the night the substernal pain and dyspnea returned. The next 
day he was again given 100 c.c. of 10 per cent glucose with 5 units of insulin 
which was followed by only partial relief, and did not prevent the necessity of 
using morphine. Administration of digitalis was then started. The following day 
he looked worse, and the blood pressure had dropped to 130/100. He became 
drowsy and unresponsive. At 4 p.m. he was given 50 c.c. of 50 per cent glucose. 
The following morning he reported feeling much better, and was alert and ate well, 
but looked pale and exhausted. He gradually declined and began to accumulate 
fluid. Digitalis had no effect. He became comatose and developed embolic gangrene 
of the left foot and died eight days after the last injection of glucose. Permission 
for autopsy was not obtained. 

Case 5. A colored man, thirty-one years old, with syphilitic aortic regurgitation 
had had dyspnea for one month and edema for two weeks. Nocturnal dypnea nas 
severe and was accompanied by distressing cougli with blood-streaked sputum. 
At the time of a nocturnal attack he was given 100 c.c. of 50 per cent glucose with 
10 units of insulin. Tliis was followed by nausea and sweating, but there was 
definite relief of dyspnea for the rest of the night. Eollowing a second dose on 
the next night there was no sickness, and dyspnea was again relieved. Hone^er, 
the arm veins became thrombosed'. There was no diuresis, but the edema of the 
legs had disappeared. He was then digitalized, and there was some diure.«is and 
partial improvement. Tubercle bacilli were found in the .sputum, and he was trans 
ferred to a sanitarium. 

Case G. A fifty-year-old negro had hypertension and uremia. Ilis chief symptom 
was severe dyspnea. He was given 200 c.c. of 2.5 per cent glucose on two succc.=si'c 
nights with relief of dyspnea for the night. He died a few days later. No aiitops' 
was performed. 
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Case 7. A colored woman, aged fifty years, with dyspnea and orthopnea, had a 
blood pressure of 276/160. There were rales at the lung- bases and slight edema. 
She had been digitalized in the out-patient department before admission. She was 
given 100 c.c. of 25 per cent glucose on one occasion, from which there was no 
notable effect. She improved greatly while at rest and her blood pressure declined. 
On discharge it was 190/120. 

Case 8. A white Avoman, sixty-nine years old, Avho Avas known to have had 
hypertension for eight years, had suffered three breaks in compensation during the 
preceding ten months. She had been digitalized to the point of nausea ten days 
before admission and had received no digitalis since then. She Avas dyspneic, 
cyanotic, and orthopneic. There Avas massive edema. She Avas given 100 c.c. of 
25 per cent glucose the day of admission and again the folloAving night. There 
Avas no subjeeth’e or objectiA’e improA'ement, but the edema and Aveakness increased. 
She Avas digitalized again Avithout improvement. She was then given salyrgan on 
tAVO occasions Avith slight diuresis, 1300 c.c. She Avas discharged against advice. 

Case 9. A Avhite Avoman, aged 50 years, Avith syphilitic aortic regurgitation AVas 
admitted to the Avard, having graduallj'^ become Avorse upon digitalis therapy. She 
AA'as digitalized to the point of minor toxic manifestations at the time of admission. 
She Avas orthopneic, had numerous rales and considerable pitting edema. She Avas 
given 100 c.c. of 25 per cent glucose, AA-hich she said was folloAved by a feeling of 
oppression in the chest, and restlessness. No immediate improvement Avas noted. 
She gradually improved on rest in bed, and the edema and orthopnea disappeared. 
She had practically no cardiac reserve at the time of discharge. 

Case 10. A negress thirty-four years old had syphilis of tlmee years’ standing. 
She had developed severe anginal attacks Avith dyspnea. There Avas no eAudence 
of aortic insufficiency. For one AA'eek before admission she had constant dyspnea 
and sAvelling of the ankles. During an anginal attack shortly after admission she 
Avas given 100 c.c. of 25 per cent glucose with relief of pain and dyspnea. The 
folloAAdng day the same result Avas obtained. She Avas free from attacks for three 
days, bxit on the fourth she had a seA’ere attack of angina from Avhich only partial 
relief was obtained from glucose. This Avas folloAved by an extremely severe attack 
tAVO hours later. This attack and subsequent ones were promptly relieved by amyl 
nitrite or by nitroglycerin. Digitalis failed to abolish the attacks either of pain 
or of dyspnea. 

Case 11. A colored man of tAA'enty-three years had a febrile illness in June, 1932, 
folloAved by progressive swelling of the legs and abdomen together Avith dyspnea 
and ortliopnea. His condition appeared urgent on admission in December, 1932, 
and he AA-as given 0.6 gm. of digitalis at 11 a.M. At 2. p.m. he AA-as given 50 c.c. 
of glucose. llHien seen one-half hour later he aa'hs having marked respirator}^ dis- 
tress. He began to improve in about an hour and by 5 P.JI. Avas quite comfortable. 
Continued digitalization Avas folloAved by diuresis and complete disappearance of 
dyspnea and of congestive failure. 

No signs of organic heart disease Avere made out upon ifiiysical examination, 
and the diagnosis Avas uncertain. Tuberculous peritonitis and tuberculous pericarditis 
Avith adherent pericardium Avere considered. In estimating the effect of glucose, 
it is notable that the improvement in dj'spnea Avas considerably later tlian that 
usually experienced, Avhich is during or immediately after the injection. It is pos- 
sible that the change in condition at 5 p.m. aa-us due to the digitalis (0.6 gm.) given 
at 11 A.Ar. This is borne out by his progre.ssiA-e and lasting improA-ement on con- 
tinued digitalization. 

^ Case 12. A Avhite man sixty-eight yeare old had arteriosclerotic heart disease 
Avitlv aAATkular fibrillation. On continued digitalis dosage, compensation Avas barely 



442 


THE AMERICAN HEART JOURNAL 


maintained. He develoiied bronchopneumonia and did poorly, though lieart failure 
■was not a conspicuous feature until near the end. At a time ivhen he appeared 
moribund, he was given 100 c.c. of 25 per cent glucose intravenously with decided 
improvement in general condition. He died five days later. 

Case 13. A colored male thirty-nine years old had sypliilis witli aortic regurgita- 
tion. A loud musical diastolic murmur suggested a ruptured aortic cusp. He did 
not do well on digitalis and was admitted to the hospital with progressive failure. 
There was marked respiratory distress. On two nights he was given respectively 
125 c.c. and 200 c.c. of 25 per cent glucose intravenously. Tliis was followed by 
relief of his distressing dj'spnea for hours so that he could rest. At the same time 
the edema increased, and he became progressively^ worse and died. No autopsy 
was obtained. 

Case 14. A white man sixty-five ymars old had arteriosclerotic heart disease. 
Decompensation had begun six months previous to admission. Five days before 
admission lie had a "clamping pain’' in the chest and epigastrium. He was badly 
decompensated with orthopnea, cymnosis, massive edema and enlarged liver. He 
had a moderate fever and a leucocyte count of 11,800. He was given 100 c.c. of 
25 per cent glucose. Ho improvement was observed. Digitalis also had no effect. 
Oxy^gen gave some relief of dyspnea. The patient died. A large infarct of the 
myocardium was found at necropsy'. 

Case 15. A patient fifty'-five y’ears old, white, male, had evidence of both rheu- 
matic and arteriosclerotic heart disease. The electrocardiogram showed auricular 
fibrillation and was indicative of profound niy'ocardial damage. He showed r§.les 
at both bases, marked engorgement of the liver and slight jaundice. There was 
moderate edema of the legs. Urgent dy'spnea was not manifest. One hundred o.c. 
of 25 per cent glucose witli 5 units of insulin were given on three occasions. No 
improvement ri'as noted. No diuresis resulted. , He was discliarged against advice 
and died -within a -n'eek. 

Case 16. A white man forty-two y'ears old with mitral stenosis was subject to 
attacks of cardiac asthma. Shortly after admission he developed an extremely severe 
attack of dyspnea of an asthmatic ty'pe which threatened to prove fatal. He was 
cyanotic and there was a respiratory effort with stridor. The lungs, however, re- 
mained clear, and pulmonary' edema did not develop. The patient became uncon- 
scious. He was given morpliine and atrophine -ndthout apiparent relief. The morphine 
seemed to depress further the insuflScient ventilation. He was put in an oxygen 
tent, which caused the cy'anosis to clear up, but not the dyspnea and stridor. He 
■was given 100 c.c. of 25 per cent glucose without apparent effect except that the 
pulse volume, which was small and failing, increased. Immediately following the 
glucose he was given 6 c.c. of digifolin intravenously'. The circulation was sup- 
ported by giving 1 minim of adrenalin intravenously every five minutes for five 
doses. About forty-five minutes after the intravenous digifolin, there was some 
improvement, and the violent dyspnea gradually' passed off. Four more cubic centi- 
meters of digifolin were given later in the day. It was thought that the improve- 
ment was due to the digifolin, the otlier measures possibly' having served to sup- 
port the patient through the critical period. This interpretation -was suggested by' 
the subsequent course. After the attack just described the patient received no 
further digitalis, and liis dyspnea began gradually' to increase three or four days 
later. One week after the attack he had another -n'hich duplicated the first. He 
was treated again with oxygen, glucose and digifolin intravenously with similar 
results. Thereafter he was kept on digitalis with steady improvement. There were 
no further attacks, and he was discharged in a fair state of compensation. 
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DISCUSSION 

In many of the articles referred to earlier in this paper the prompt 
and dramatic relief of dysiinea following glucose injection or ingestion 
is emphasized. Relaxation and diwvsiness are also mentioned, and in 
some cases diuresis was observed. 

Of our sixteen eases of advanced heart disease with failure we noted 
definite lessening of the dyspnea in nine. The results were “dramatic” 
only in one ease, Case 4. Five patients who had been restless from 
dyspnea, got considerable relief and were able to sleep. In the other 
three cases relief of dyspnea was only slight, and in two of these the 
most notable result was improvement in general condition. In all nine 
the effect was temporary, lasting from three to twelve hours. Of this 
gTOup five died and two left the hospital in critical condition. One did 
well on nitroglycerin. No progressive or lasting improvement was seen. 
On the contrary there was a tendency for succeeding injections to be 
less effective. The same statements hold true for the relief of pain of 
cardiac origin. There was no definite diuresis following glucose injec- 
tion, even though hypertonic solutions were used. On the contrary, 
edema and weight were often seen to increase during glucose adminis- 
tration. This series includes no instances of the effect of intravenous 
glucose on acute pulmonary edema. 

Comparison of ihe Effects of Glucose and Digitalis . — Prom the above 
it is apparent that in no case was glucose therapy instrumental in restor- 
ing compensation. In three cases, on the other hand, compensation was 
restored and maintained for an indefinite time by digitalis. These were 
a. case of thyroid heart disease with auricular fibrillation, a. case of 
probable tuberculous pericarditis, and a case of rheumatic heart disease 
with mitral stenosis. In tlie first tavo glucose had no favorable effect. 
In the third it probably was useful as an emergency measure. In one 
case of syphilitic heart disea.se in which there was slight improvement 
by digitalis, temporary relief of dyspnea was noted from glucose. 

Five of the patients were not imiiroved either by digitalis or by 
glucose. These cases included one of arteriosclerotic heart disease, one 
of coronary occlusion, one of syphilitic aortic regurgitation, one of 
rheumatic heart disease, and one of hypertensive heart disease. Three 
patients died. Two of them, one Avith hypertensive heart disease and one 
Avith syphilitic aortic regurgitation, Avere improved on bed rest so that 
they could be discharged. Both were complete cardiac invalids. 

The mechanism by Avhich intravenous glucose or glucose by mouth 
could relieve cardiac dyspnea is not entirely clear. The contraction of 
cardiac mnscle depends not only upon oxygen but also upon carbohy- 
diate, the supply of AA'hich theoretically may become pi’ecarious in ill- 
nouiished states, thyrotoxieo.sis and probably coronary disease. The 
e.xpcrimental Avork already mentioned indicated that an increased 
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supply of earboliydrate prolongs the life of the heart, augments the 
glycogen in the heart muscle and increases the efficiency of the muscula- 
ture. On the basis of these experiments, it is thought that glucose 
furnishes to the exliausted heart muscle a temporarily increased supply 
of cai’bohydrate which may be stored or bunied immediately, and wliich 
maj'' have a beneficial effect on the entire circulation, including that of 
the respiratory center. Increased efficiencj’" of the heart muscle would 
diminish the concentration of carbon dioxide and lactic acid, both of 
which are powerful respiratory stimulants and which tend to accumulate 
in the body during cardiac decompensation. 

In giving from 25 to 50 grams of carbohydrate intravenously, it is 
evident that the increased glucose supi^ly is of short duration and that 
the direct effect upon metabolism is transient. It seems that by forcing 
carboh 3 ''drate feeding over a longer period it might be possible to increase 
gljmogen reserves with more lasting benefit. The results of this method, 
used by the authors of papers 3, 8, and 9 of the bibliogi’aphj^, are en- 
couraging. However, it would appear doubtful whether daily feeding 
of concenti'ated sju’ups could be home for veiy long, espeeiallj’’ bj^ 
patients vdth impainment of digestive fimction. 

The addition of insulin seems of doubtful value in nondiabetic sub- 
jects. The amounts recommended, 5 to 10 units, would appear to be 
too small to cover the glucose. Moreover, larger amounts of insulin maj’’ 
be of some danger to patients with degenerative heart disease, especially' 
to those until coronaiy disease and angina pectoris. 

In our series it was noted that successive doses of glucose tended to 
have less effect, and after the effect of glucose had ivoni off the jiatients 
seemed to be worse rather than better. This may' have been due to the 
fact that in most cases the disease was progressing to a fatal termination, 
but the impression was that there was exliaustion following the period 
of increased efficiency. Thus glucose may' perhaps be classed with cardiac 
stimulants which increase the action temiiorarily' and may seem to ex- 
haust the heart in so doing. Like such drugs glucose may' be most suit- 
able to use in emergencies in ivhieh my'ocardial damage is slight or 
absent, in order to tide over a critical iieriod, giving time for the organ- 
ism to readjust itself, recuperate, or take benefit from other measures. It 
might at times serve to break a “vicious cycle.” This suggests itself as 
a possible explanation of the brilliant result experienced in Osato ’s first 
trial of the method. In the same way it ma.y be tried as a means of 
relief in cases of heart failure at the terminal stage, when other measures 
are of no avail. It may afford comfort foi* a time when other measures 
fail, and so supplement or supplant morphine. In cases of advanced 
chronic heart disease with congestive failure, our results indicate that 
intravenous glucose is not effective in restoring or maintaining compensa- 
tion. 
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SUMMARY 

1. Reports are given of sixteen cases of heart failui’e in advanced 
heart disease in which opportunity was afforded for comparison of the 
effects of glucose and digitalis. 

2. In nine cases dj'spnea was relieved to some extent. The effect, how- 
ever, was of short duration (from three to twelve hours) as compared 
with the more lasting effect of digitalis. 

3. Glucose failed to restore compensation in any case. Digitalis re- 
stored compensation in three eases. 

4. The first injection of glucose seemed to have more beneficial effect 
than repetitions of the treatment. 

5. According to the results of this studj"- glucose therapy appeal's to 
be indicated as an emergency measure in cases of acute or urgent heart 
failure and in eases of advanced chronic heart failure in which digitalis 
in adequate amounts has not restored compensation. 
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INTRODUCTION 


I N STUDYING the electrical field produced by the heartbeat under 
various circumstances, we have frequently made use of precordial 
leads, pad leads, and direct leads in animal experiments, and of pre- 
cordial leads in clinical investigations.^’ " In taking these special leads 
one electrode (the indifferent electrode) is placed upon one of the ex- 
tremities,^ and the other (the exploring electrode) upon the precordium, 
upon a large gauze pad soaked in saline and laid upon the exposed 
heart, or directly upon the exposed heart as the case might be. In direct 
leads taken in this way the ijotential of the exploring electrode fluctuates 
through so wide a range in comparison with that of the indifferent 
electrode that no material error is made if the potential of the latter 
is regarded as constant throughout the cardiac cycle. In pad leads, and 
particularly in precordial leads, the potential variations of the indif- 
ferent electrode, although no greater in absolute magnitude than in 
direct leads, are much larger in comparison Avith those of the exploring 
electrode, and play a considerably greater role in determining the form 
of the curve recorded. In standard leads the tAVo electrodes are ap- 
proximately equidistant from the heart; on the aAminge their potential 
variations are of about the same magnitude and influence the form of 
the electrocardiogram in equal measure. 

In general the cuiwes obtained by means of the special leads men- 
tioned are more or less helpful in solving electrocardiographic problems 
in proportion to the amount of information that can be gained by com- 
paring the deflections of one lead Avith those inscribed in another during 
the same phase of the cardiac cycle. The deflections of pad leads and 
precordial leads are compared Avith each otlier and AAuth the correspond- 
ing deflections of direct and standard leads. The analy.sis depends in 
the main upon the discovery of similarities, of deflections that are alike 
in form and correspond in time. Differences betAA’cen the leads compared 
Avith respect to the relative magnitude of the potential variations of the 
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1,\vo electrodes loud to obsem-e lliesc similarities and often make the 
interpretation of the curves difficult. In order to obtain deflections of 
similar size tlie string- galvanometer must be made approximately ten 
times as sensitive -when taking prceordial as -when taking direct leads. 
Deileetions due to variations in tbc potential of the indifferent electrode 
arc therefore ten times as large and ten times as eon.spienous in the 
former as in tbc latter. Tbc differences between direct and standard 
leads are even greater, and tbc ])rineiples followed in the interpretation 
of the curves obtained by moans of tbc one cannot be applied to those 
obtained by means of the other. 

In order to overcome these difficulties we have devised leads that 
record the potential variations of a single electrode. It is the purpose 
of this article to explain the methods adopted to achieve this end and to 
show that when they are followed the ])olential variations of the in- 
different electrode are negligible. 

:\[ETriODS AND APrARATUS 

The method of leading referred to is illustrated in Fig. 1. Electrodes are placed 
upon the right arm, loft arm, and left leg, in c.vaetl.y the same manner as in taking 

5c/}eme /or c//rect n7ea5urement of potoot/h/ 5 . 



Pig. 1. — Diagram illustrating the method of leading used to reconl Uie pote t 
variations of a single electrode. Electrodes on tlie right arm (R). Icit arm tio. 
left leg (P) are connected through equal resistances of 5,000 ohms to a c 
terminal (T). The central terminal and an exploring electrode, pr' I, 

tremity. electrodes as indicated here, ai e connected to the input terminals ol a ya 
tube amplifier ivith a balanced plate circuit in ivhicli tlie string galvanoni 
Inserted. 


the three standard leads. They arc connected, each through a sejiarate noninduc 
tive I'esistaiice (r), to a central terminal. The three re.sistancos used must be equal 
and should be hirge in conijiarison n-ith the largest body resistance between anj tno 
of the three electrodes. In onr earliest experiments we employed resistances of 2o, 
000 ohms, but tins made our aiiparatiis so sensitive to stray alternating cuiieiits 
that resistances of 5,000 ohms were tinallj'- substituted. These greatly reduced the 
amount of stray current picked up, and jiroved to be reasonably satisfactory if 
the skin resistance was kept sufficiently low. The central terminal serves as the in 
different electrode, and we shall show that its iiotcntial is not materially affected 
by the heart’s electrical field. Tlie exploring electrode may be jilaced upon the pre 
cordium or upon any other part of the body Whose potential variations are to be 
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i-ccordccl. Leads from earh of f\m extremiU' eU'ctvodcs in svrcccssion to tko ceirtrul 
terminal are used to obtain Ibe potential variations of tltc right arm, left arm, and 
left leg. 

The central terminal and the exploiang electrode are eoimected to the input 
terminals of a vacuum tube rvith a balanced plate cirL'uit.* The string galvanometer 
is joined to the plate circuit in such a way as to include a variable resistance and 
a portion of the plate battery between its terminals. The value of the resistance is 
so adjusted tiiat the drop in potential across it due to the plate current when the 
input terminals of the tube are sliortcircuited is exactlj’’ balanced by the voltage 
drop in the included portion of the battery. When the plate current changes in re- 
sponse to a cliange in the potential of the grid with respect to that of the filament, 
this balance is disturbed and a small fraction of the plate current flows through the 
string galvanometer. 

One of the chief advantages of this arrangement is the very high resistance in 
the input circuit. The addition of twentj'-fivc, fifty, or even one hundred thousand 
ohms to the resistance in this circuit does not appreciably alter the size of the string 
deflection produced When an electromotive force of one millivolt is thrown into it. 
The tension of the string is adjusted to give the proper sensitivity at the beginning 
of a set of observations and usuallj' does not need to be changed thereafter. No 
overshooting, due to the eondensor-like effect of the skin, occurs wlien the skin re- 
sistance is high. The flow of current in the ininit circuit is so small that electrodes 
of almost any type can be used without fear of polarization effects. Since prac- 
tically no current flows, the potential differences that it is desired to measure arc 
not altered. The chief disadvantage lies in the difficulty of avoiding interference by 
stray alternating current. This is much greater than when the string galvanometer 
is used in the ordinary way, and it increases rapidly with an increase in the ex- 
ternal t resistance of the input circuit. 


POTENTIAL OP THE CENTRAL TERMINAL 


At any instant the sum of the differences in potential between the 
central terminal and any three electrodes connected to it is zero. The 
mean potential of these electrodes and the potential of the central 
tenninal are ecpial. To prove these statements, let Vt represent the 
potential of the central terminal, and r the magnitude of the equal 
resistances through which it is joined to three electrodes in contact with 
the body. If the potentials of the three electrodes arc represented by 
1^/1, aud Vg and the currents flowing from these electrodes toward 
the central terminal by J a, In, and Ic, respectively, these quantities must 
satisfy the following equations: 


Va - Fr 
Fa - Fr 
Vc - Vt 

By adding those equations we oblain 
(VA-yT) + (Vn-VT) + (Vc-\ 


rl, 

rip. 

ric 


T 


( 1 ) 

( 2 ) 

(3) 


) ■ — -I’ (Ia + Ijj + Ic) ( 4 ) 


is e.';.=!entiallj- the same as that emplovecl in Dr W' J 

diagram of this circuit and with tiie data nece.4saiV for ms’ constluc^ 
fUGsii^tance external to the vacuum tube. 
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The right-hand side of this equation is clearly zero by Kirehkoff’s first 
law, which states that the algebraic sum of all the currents meeting at 
any point of a network is zero. Consequently, 


(Va - VrJ + fVj, - VrJ + {Vc - VrJ = 0 (5) 

or 

Vj' == yk (^^A + T’’;j + Vc) (6) 


The same method may be used to show that if the central terminal is 
joined through like resistances 1o any number of electi’odes in con- 
tact with the body, the sum of the differences in potential between it 
and these electrodes must be zci*o, and the potential of the terminal 
must be equal to the mean potential of the electrodes. 

The difference in potential between the central terminal and any 
one of three electrodes connected to it may be expressed in terms of 
the differences in potential between that electrode and the other two. 
If the electrodes are placed upon the right arm, left arm, and left leg, 
the difference in potential between the central terminal and the leg 
electrode, for example, is at all times one-third the sum of the differences 
in potential between this electrode and the electrodes on the two arms. 
We may write 

(Vc _ Vt) + (Vr - VJ == Vc - Va (") 

(Vc - Vt) 4- (Vt - v„) = 7c - Vu (8) 

By ec[uation (5) 

7c - Vt = (Vt - VJ + (Vt - Vn) (9) 


If we substitute Ch for 7c ~ Va and Cc for I'''c - 7;; the addition of equa- 
tions (7) and (8) gives 


Tc — I'r 


Cl) + Cc 


( 10 ) 


In the same way it may be shown that if c„ is substituted for Vjt - T.i 


= ( 11 ) 

and 

F, _ F. = (12) 

In deriving the foregoing equations (1 to 12 inclusive) we have made 
no assumj^tions of any kind. It should be noted, however, that the 
symbols Va, Vb and Fc appearing in these equations represent the po- 
tentials of the three electrodes in contact with the body after these 
electrodes have been connected to the central terminal. We desire to 
study the electrical field produced by the heart under natural conditions, 
and we must take care that our method of measurement does not modify 
to a material extent the quantities that we wish to measure. The heart s 
electrical field must be altered by any procedure that changes the re- 
sistance between points that are at different potentials. Changes ni re- 
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sistaiice between points at the same potential have, of course, no effect 
upon the flow of cui’rent. The effects produced by attaching electi’odes 
to the body surface must vary directly with the size and conductivity 
of the electrodes, and inversely Avith their distances from the lieart; 
the effect of connecting these electrodes to a central terminal must vary 
inversely Avith the magnitude of the resistances used for this purpose. 
The extremities may be regarded as linear conductors attached to the 
trunk; betAveen points on the same extremity there are no differences 
in potential of cardiac origin that can be detected by measurements made 
AA'ith the string galvanometer at the usual sensitivity. The potentials 
of the extremities are not, therefore, appreciably altered by placing 
CA'Cn large electrodes upon them. The effect of connecting these electrodes 
to a central terminal may be neglected, if this procedure does not sig- 
nifleantly change the potential difference betAveen any tAvo of them 
during any phase of the cardiac cycle. It Avill lie seen that if Ave place 
our three electrodes upon the right arm, left arm, and left leg, and 
make the resistance r so large that connecting them to the central termi- 
nal does not materially alter the size of the deflections in the tlu’ee 
standard leads, AA^e shall make no serious error if Ave treat Ya, b, and 
Vc as if they Avere the potentials of these extremities before the attach- 
ment of the electrodes, and regard Co, et,, and Cc as the deflections in the 
three standard leads. It is clear that to accomplish our purpose Ave 
must make 7- large in comparison Avith the largest body resistance be- 
tAveen any tAvo of the three extremities. A large part of the resistance 
betAveen one extremity and another is due to the resistance of the skin 
beneath the electrodes, and if this is kept Ioav r may be made smaller 
than Avould other Avise be the ease. It Avill be observed that the resistance 
of the sldn beneath a ghmu electrode is a part of the resistance betAveen 
the subcutaneous tissues and the central terminal. "When the electrodes 
are placed on the right arm, left arm and left leg, the resistances be- 
tAveen this terminal and the apices of Einthoven’s triangle, AAdiich arc 
represented by the junctions of these extremities Avith the trunk, can- 
not be regarded as even approximately equal unless ■>’ is large in com- 
parison Avith the skin resistance or unless the .skin resistance is the same 
beneath all three electrodes. In practice, hoAvever, Ave shall knoAv that 
r is large enough for our purpose if the curves taken by means of the 
three standard leads before and those taken in the same AA'ay aftei’ con- 
necting the extremity electrodes to the central terminal are not sig- 
nificantly different. 


DEDUCTIONS BASED ON EINTHOA'EN's TRIANGI..E 

In a prcA’ious publication" it has been shoim that if the assumptions 
upon Avhich Einthoven s triangle is based are valid, the potential of the 
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rig-lit arm (Vu), the poUmliai of ihc left ai-m fF/J mid the potential of 
the left leg- (Vj.^) at a given instant are defined by the ecjnations 


Vu ^ - 

e, -i- c,. 

(13) 

3 

1V = - 

e, ^ e,. 

(14) 

3 

c,. -h c. 

TV = - 

3 

(15) 


in which the deflections in standard Jjeads 1, IT, and 111 at the chosen 
instant are re])resented by e,, e^, and c.,, resjieetively. It will be soon 
that at every instant 

Fa. f F/. -f IV = 0. (16) 


It should be pointed out that the derivation of these eiinations involves 
the assumption that an electromotive force generated by the heart and 
having a direction periiendicnlar to the jilane. of the three standard 
leads will not affect the jiotential of the right arm, left arm, or left leg. 
This is equivalent to the assinnjition that the heart, lies in the plane of 
Binthoven’s triangle. 

If electrodes on the right arm, left, arm, and left leg are connected to 
a central terminal through like and sufTiciently large resistances, we may 
substitute Vu, IV, and Vp, for IV, TV, and Vc, res])eetively, in any of the 
equations in which the latter occur. It. is therefore evident from equa- 
tions (6) and (16) that under the circumstances specified wc may, inth- 
out serious error, regard the central terminal as at zero potential 
throughout the cardiac cycle. By connecting one of the input terminals 
of the apparatus, described on a preceding page, to the central terminal 
and the other to the right -arm, left-arm, and left -leg electrodes in suc- 
cession wc obtain three curves, each of which rc])rescnts the potential 
variations of a single extremity. Wc may designate these curves, which 
are so taken that relative negativity of the extremity electrode produces 
an upward deflection in the finished record, by IV, IV, and IV, re- 
spectively, and wc shall refer to them collectively as cxtreinitj'' poten- 
tials. At any instant the siim of the deflections in the right-arm, left- 
arm, and left-leg leads must be zero. The ])o.si1ion of the electrical axis 
maj^ be determined by means of the formula 


ian a = 


V 3 IV 


(II) 


IV - Vu 

in which a is the angle made by the electrical axis with that side of 
Einthoven ’s triangle which corresponds to standard Lead I. The curves 
obtained by leading from the centi-al tei-minal to an exploring electrode 
in contact with the exposed heart, with a ])ad of gauze laid upon the 
exposed heart, or with the precordium represent the potential vaiia- 
tions of the exploring electrode, and may be referred to as direct, pa , 
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and pi'ccordial potentials, respectively. The symbols \ I'o, y-, etc., 
will ordinai'ily be used to designate stieh curves. 

EXPERIJiIENTS ON A MODEL 

In order to test the conceptions at which we have arrived under 
conditions resembling those postulated as closely as possible, we have 
carried out a few experiments on a model. An equilateral triangle with 
sides 12.7 cm. in length Avas marked out on the bottom of a large shal- 
loAV galvanized pan measuring. 48.3 by 40.6 cm. Electrodes AAMre placed 
at the apices of the triangle, and two electrodes ivere placed close to- 
gether near its center. These central electrodes Avere 10 mm. apart 
and Avere so arranged that the center of the triangle Avas midAvay be- 






Pig. 2. — Records obtained in an experiment on a model (experiment 2, Table I). 
A deflection of 0.5 cm. equals one millivolt. AL shows the potential difference between 
the central terminal and a point equidistant from the central electrodes (see text) 
and 24 cm. from the center of the triangle. 

tAveen them. After the pan had been filled to a depth of 38 mm. Ailth 
a Aveak solution (about 1 per cent) of copper chloride, they Avere con- 
nected to a 45 volt batteiy through a rotating circuit breaker, Avhicli 
closed the circuit momentarily AAath each revolution. The apical elec- 
trodes Averc joined to a central terminal through resistances of 5,000 
ohms, and the potential variations of these electrodes (Vjt, Vl, and Vp) 
Avere recorded by coimecting the central terminal and each of them in 
succession to the input terminals of the A'acuum tube amplifier preAdously 
described (Fig. 2). The three leads corresponding to the three stand- 
ard electrocardiographic leads Avere taken Avith the same instrument, in 
some instances both before and after connecting the apical electrodes 
to the central terminal. The potential of the central terminal AA'as also 
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compaTed Avitli that of points distant from tlie center of the triangle 
and equidistant from the two central electrodes; points Avliich, theoret- 
ically, should be at zero potential. The difference in potential hetiveen 
such points and the central terminal was always A^ery small. 

Table I 


EXPERI- 

JtENT 

ANGLE a. t 
DEGREES 

LEAD 

I 

I 

LnVD 

II 

LEAD 

III 1 


■ 

1 

Vr 

CENTrvAL 

TERMIN.AL- 

DISTANT 

POINT 


60 


mSSm 

2S.0 






60 

HMlI 


27.4 

-30.0 

2.0 

2S.5 

2.0 


90 

■a 

HI 

49.0 

-16.0 

-16.5 

32.6 

0.4 


Note. — The measurements given above are in tenths of a millivolt. 

*In this experiment Leads I, II, and III were taken before (la) and again after 
(lb) connecting the apical electrodes to the central terminal. 

tThe angle between the line joining the central electrodes and that side of th.o 
triangle corresponding to standard Lead I. 



The results of tAA^o experiments are shoAwi in Table I. In the fii’st 
the electrical axis Avas parallel to that side of the triangle corresponding 
to standard Lead II, and in the second it Avas perpendicular to the side 
corresponding to standard Lead I (Fig. 2). The last column of the 
table giA''es the difference in potential betAATen the central terminal and 
a point near the edge of the pan and on the perpendicular bisector of 
the line joining the tAAm central electrodes. In the first experiment this 
point AA’as 20 cm. and in the second 24 cm. from the center of the tii- 
angle. It Avill be noted that the potential differences in Leads I, II, 

III AA^ere someAvhat greater before (la) than after (lb) the apical 
electrodes AA^ere connected to the central terminal. The results of both 
experiments are in good agreement with the theoretical predictions 
based on the equations giA^en on preceding pages. 


CLINICAL CURATES 

AYe hope in the near future to describe in considerable detail the 
cuiwcs obtained under Amrious circumstances Avhen the method of lead- 
ing desci’ibed in this article is emplojmd. We shall therefore confine oui 
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remarks liere to a single illiistratioii. Tlie standard electrocardiograms 
of a normal subject are sho^^^l in Fig. 3, and the extremity and pre- 
cordial potentials of the same subject in Fig. 4. It should be remem- 
bered that in the latter euxves a negative variation in potential is rep- 
resented by an upward, a positive variation in potential by a down- 
ward deflection of the string shadow. The curves obtained from the 
right side of the precordium (V^, V., and Vs) show a small downward 



Fig 4. — Extremity and precordial potentials of the subject whose standard elec- 
trocardiogram IS shown in Fig. 3. In each instance the upper curve is standard 
^ad I. Tlie lower curves represent tlie potential variations of the following points : 
I IS, arm ; Fl. left arm ; Vr, left leg ; I'’i, fourtli rib at right sternal edge ; 

' ^4 left sternal edge; Vj, fifth rib half wav between ieft sternal edge 

and left nipple line; IL. fifth interspace just inside nipple line (apex) ; Ts. sixth rib 
anterior axlllarj' line ; Ve, ensiform cartilage. In the first three records 1 cm. equals 

equals 1 millivolt. The figures written on the 
of^the <^S interval'^ ^ chief upstroke of QRS with reference to tlie beginning 
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followed a large upward movement. The chief upstroke occurs early 
in the QKS interval. The curves obtained from the left side of the pre- 
eordium ( and VJ show a much deeper downward movement, and 
the chief upstroke is late. In one of these curves (VJ a slight rise 
precedes the first descent. This summit is seldom if ever large in nor- 
mal subjects. The potential variations of the right arm are similar 
to those recorded on the right side of the preeordium, and the potential 
variations of the left leg are similar to those recorded on the left side 
of the precoixlium. As is usually tlie case in normal subjects, the po- 
tential variations of the left arm are small. In left axis deviation the 
chief deflection of the left arm lead is domiward; in right axis devia- 
tion it is upward. The direction and size of this deflection may be used 
as a rough index in estimating the kind and grade of ventricular pre- 
ponderance. Examination of equation (14) shows that it is similar 
in significance to the indices used for this purpose bj^ Lewis^ and by 
White and Bock.® 

COMMENTS 

It should be emphasized that the' potential variations of the central 
terminal cannot be shovm to be negligible unless certain assumptions 
are made. The assumptions referred to are those upon which Ein- 
thoven’s method of detennining the position of the electrical axis is 
based and espeeiallj’’ the assumption that electromotive forces arising 
in the heart and having a direction perpendicular to the plane of the 
three standard leads have no effect upon the potential of the right 
arm, left arm, or left leg.'^ Some further discussion may serve to in- 
dicate the ma^iitude of the error that may have been introduced into 
our calculations by this last assumption. 

Let us assume that the electrical field produced in the body at a 
given instant by the heart may be satisfactorily represented by the 
electrical field produced bj^ a doublet located at the center of a homo- 
geneous sphere of conducting material. At any point on the sui’face of 
such a sphere the potential due to a central doublet is pi’oportional to 
the cosine of the angle between the radius dravai to that point and the 
axis of the doublet (Canfield,® Wilson, Macleod and Barker'). If the 
axis of the doublet is parallel to the plane determined by three surface 
points Ijfing at the apices of an equilateral triangle, the mean potential 
of these points is zero. If the axis of the doublet is not parallel to the 
plane mentioned, the mean potential of the three points is not zero un- 
less this plane passes through the center of the sphere. The doublet 
may be regarded as the sum of two components : a doublet whose axis 
is parallel and a doublet whose axis is perpendicular to the specified 

*Einthoven’s assumption that the heart is at the center of an equilateral tii^sl® 
formed by the three leads amounts to the same thing, if it is understood to n 
that the heart and the three leads are in the same plane. For his purpose, 
it -was necessary to assume only that the heart is equidistant from the apices oi 
triangle. 
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plane. Any difference in potential between tlie three points must be 
attributed to the parallel component. The potential due to the per- 
pendicular component is the same at all of them and is directly pro- 
portional to the distance from their plane to the center of the sphere. 
This is easily understood, for this distance measures the cosine of the 
angle fomed by the radius drami to any one of the three points and 
the axis of the perpendicular doublet. 

The mean potential of four surface points lying at the apices of an 
equilateral tetrahedron is zero, whatever the position of the axis of the 
central doublet may be. The potential of a central terminal connected 
to four such points through like resistances must also bo zero, and leads 
from this terminal to each of these points would give the data necessary 
for the determination of the orientation of tlie axis of the doublet in 
three-dimensional space. We have therefore considered the advisability 
of coinieeting the central terminal in our experiments not only to the 
right arm, left arm, and left leg, but also to an electrode placed on 
the back directly behind the heart. In the case of the theoretical model 
under consideration the error that would be made by considering the 
potential of the central terminal zero would be greater or less when 
it was connected to the apices of an equilateral triangle than when it 
was also coimected to a fourth point at the more distant extremity of 
the diameter perpendicular to tlie plane of the triangle according as the 
distance from the plane of the triangle to the center of the sphere was 
more or less than one-seventh of tlie radius." If the four ])oints lay 
at the apices of an equilateral tetrahedron, this distance would, of course, 
be exactly one-third of the radius. 

The plane of the three standard leads is not very well defined, but 
it would seem that it must be regarded as passing through the heart. 
If this is the case, it is improbable that connecting the central terminal 
to an additional electrode on the back would reduce whatever error is 
made by considering the potential of thi.s terminal zero. This pro- 
cedure may, however, prove useful for the purpose of determining the 
projection of the electrical axis upon a sagittal as well as upon a frontal 
plane. Over other ways of doing this it has the advantage that when 
the distances from the heart to the electrodes are unequal the error made 
by assuming that the heart is at the center and the electrodes are at 
the apices of an equilateral tetrahedron (or triangle) may be partly or 
wholly eliminated by maldng the resistances between the central terminal 
and the electrodes unequal. 


points specified could be corrected by makintr 
the resistance between the fouith point and the central terminal greater or less than 
the other three. If, for example, the di.stance from the plane of the triangle to the 
center of the sphere tyas exactly one-.seventh of the radius it would he neces«a?w in 
order to bring the potential of the central terminal to zero to make this rehstance 
trlangfe."^® resistance between the central terminal and each apex of the 
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SUMMARY 

111 order to simplify the analj’-sis of the curves obtained by leading 
from the precordium and for certain other purposes, we have devised 
leads that record the potential variations of a single electrode. 

Electrodes are placed on the right arm, left arm, and left leg in the 
usual waj’’ and connected through like resistances to a central terminal 
The resistances used for this' purpose should he large in comparison with 
the resistance of the body in standard leads. Theoretical considerations 
and experiments on a model indicate that under these circumstances the 
potential variations of the central terminal are negligible. 

The curves obtained by leading from an exploring electrode in con- 
tact with any part of the body to the central terminal represent the 
variations in potential produced by the heartbeat in the region in con- 
tact with the former. The potential variations of the right arm, left 
arm, and left leg are recorded by leading from the electrodes placed on 
these extremities to the central tei-minal. They may he compared with 
the potential variations that occur in various parts of the precordium. 

To increase the resistance in the injmt circuit of our recording ap- 
paratus we have connected the string galvanometer to the balanced 
plate circuit of a one-stage vacuum-tube amplifier. 
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THE SIGNIFICANCE OP ELECTROCARDIOGRAMS CHAR- 
ACTERIZED BY AN abnormally LONG QRS 
INTERVAL AND BY BROAD S-DEPLECTIONS 
IN LEAD I"'' 

Prank N. Wilson, M.D., Franklin D. Johnston, M.D., Ian G. W. 
Hill, M.B.,t A. Garrard Macleod, M.D., and Paul S. Baricer, M.D. 

Ann Arbor, Mich. 

introduction 

I N A previous publication^ it was shown that the order in whidi the 
two ventricles pass into the excited state in human bundle-branch 
block can be determined by means of serial precordial leads. It was 
pointed out that such leads might be expected to prove useful in the 
study of the electrocardiographic changes produced by ventricular 
hypertrophy by coronary occlusion, and by intraventricular block. 
Further experience has tended to confirm this opinion. A number of 
cases of coronary occlusion have been studied, and the peculiarities of 
the precordial electrocardiogram in this condition have been briefly 
described.” In an experimental study of myocardial infarction recently 
completed it was found that the ventricular complexes of precordial, 
of semidirect, and of direct leads are altered in the same way. Mean- 
while we have collected considerable material bearing upon the sig- 
nificance of various types of electrocardiograms which indicate the 
presence of high grade intraventricular block, but do not display all the 
characteristics generally considered necessary for the diagnosis of bun- 
dle-branch block. It is our present purpose to consider a group of cuiwes 
that show a QRS interval measuring 0.12 second or more, a broad S- 
deflection in Lead I, and certain other features described on the fol- 
lowing pages. 

We have made some changes in the method of taking precordial leads 
described previously.’- When Ave first began to make use of such leads, 
we placed one electrode (the exploring electrode) upon the precordium 
and the other (the indifferent electrode) upon the left leg. The chief 
features of the curves so taken are determined by the potential varia- 
tions of the exploring electrode. Tliese are usually A^ery large in com- 
paiison Avith the potential A'ariations of the indifferent electrode, but 
the latter cannot ahvays be regarded as negligible. In order to reduce 
or eliminate them, and thus make precordial cuiwes more nearly com- 
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parable to those obtained b^^ direct and serai-direct leads in animals, 
we have adopted the folloAving procedure. The indifferent electrode 
is replaced by a central terminal joined to electrodes on the right arm, 
left arm, and left leg by like resistances of 5,000 ohms or more. The 
central terminal and the exploring electrode are connected to the inpnt 
terminals of a vacuum tube with a balanced plate circuit in which the 
string galvanometer is inserted. The principles upon A^dlich this method 
of leading is based are fully discussed in the preceding article. As 
is there shown, it jdelds curves which represent the potential variations 
of any part of the bod.y in contact with the exploring electrode. This 
method has been used in obtaining the majority of the curves described 
and reproduced in this article. The curves that represent the poten- 
tial variations of preeordial points are designated by the symbols Vj, 
Vo) etc. ; those that represent the potential variations of the right arm, 
left arm, and left leg are labelled Vr, Vr, and Vf, respectively. In 
taking the former the string galvanometer is ordinarily used at half the 
normal sensitivity; in taking the latter it is used at the normal sensi- 
tivity. In all these special leads the connections are so arranged that 
a negative variation in the potential of the exploring electrode is repre- 
sented by an upward, a positive variation by a downward movement 
of the string shadow. 

DESCRIPTION OP CLINICAL CURVES 

The patient whose electrocardiograms are shown in Fig. 1 was a 
man, aged seventj^-one years, who ivas under treatment in the surgical 
division of the hospital for carcinoma of the prostate gland with reten- 
tion of urine. He had no complaints that could be referred to the 
heart. The systolic blood pressure was 1S5 mm. Hg; the diastolic 
pressure 90 mm. Hg. The electrocardiogram was taken at the sug- 
gestion of a consultant who found slight enlargement of the heart and 
a feAv rales at the lung bases. 

Most cardiologists would jirobably consider the standard electro- 
cardiogi’ams (Fig. 1) as sufficiently characteristic to warrant a diag- 
nosis of bundle-branch block of the rare type. The QRS interval 
measures approximately 0.158 second. In Lead I the R-deflection and 
the S-deflection are nearly equal in size, but the former is narrow 
while the latter is very broad. In Lead III there is an unusually pioini 
nent Q-defleetion followed by a tall R, which is notched and stan s 
upon an exceptionally wide base. The ventincular complexes in 
II are similar to those in Lead III. The T-defleetions are upiigh 
in Lead I and inverted in Leads II and III, but are relatively sma 
ill all leads. 

Curves were taken from six precordial points. In the first of these 
(Vj), Avhich Avas taken from the point farthest to the right, and in 
the last (Ve)> ivliieh ivas taken by placing the exploring electrode ovei 
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the ensiform cartilage, the chief upstroke of QES is very late. It 
occurs appi’oximately 0.1 second after the first deflection in Lead I. 
In the curves taken from the left side of the precordiuin {Y., Y^, and 
VJ, on the other hand, the chief irpstroke of QES is relatively early. 
It begins about 0.04 second after the first deflection in Lead I and is 
nearly synchronous with the peak of E in this lead. The second pre- 
cordial curve (Vo) may he regarded as transitional between those 
taken farther to the right and those taken faither to the left ; it shoAvs 
both an early and a late upstroke. 



stnnrinVrVTS.^®T second. All Uie figures reproduced in this article show 

t sccond Curve (below) taken simultaneously with it. 
t"- TT T only. I, Standard 

nrnV* Standard Lead III. Vn, potential variations of the 

left tanations of the left arm; Vf, potential variations of the 

coi^iinf 'unTn)^ •' v'^ f?,. potential variations of tlie follow'ing pre- 

left^lternal edve'-’v‘^ fifVi' carUl.age, right sternal edge; V::. fourth intei^pace. 

Uno ■ v” between the left sternal edge and the nipple 

■> millivolt at one-half the normal sensitivity (1 cm. equals 
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In this particular instance the curves tliat represent tlie potential 
variations of the extremities (Vr, Vl, and Vf) do not, as is often the 
ease, closely resemble the preeordial curves. The left arm curve (Vl) 
is somewhat like those obtained from the left side of the preeordium- 
the main upstroke is early, and the final portions of QRS lie above the 
base line. The left leg cuiwe (Vp) is more like the first preeordial curve 
than any of the others, but its chief upstrolce is earliei*. The right 
arm curve (Vr) is small. 



Fig. 2. — QRS interval. 0.124 second. I, Standard L.ead I; II, standard Lead II. 
Ill, standard Lead III. Vji, Potential variations of tlie riglit arm ; A'^l, potential varia- 
tions of tlie left arm ; A'f, potential valuations of the left leg. The last six curves 
represent potential variations of the following preeordial points : A’'i, fourth costal 
cartilage, right sternal edge; Vj, fourth interspace, left sternal edge; Vs, fifth rip, 
halfway between left sternal edge and left nipple line ; A^j, fifth interspace, left nipple 
line (apex); A'^s, sixth rib, anterior axillary line; A''e. ensiform cartilage. A curve 
(not reproduced) from the sixth interspace in the midaxillary line is verj' similar 
to A^s. The first six curves were taken with the galvanometer at the normal sensi- 
tivity ; the last six with the galvanometer at half the normal sensitivity. 

A second set of electrocardiograms of the same t 3 "pe is shovm in 
Fig. 2. The patient Avas a boj’’, aged eleven j^ears, Avho Avas being 
treated for left-sided pleural effusion and acute gonorrliear urethritis. 
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The physical examination of tliO heart showed no enlargement, no valve 
lesLns and no other signs that could be considered abnormal The 
blood pressure was normal, and there was no evidence of nephiitis o 
of anemia. The Kahn test was negative. There was no histoiy of 
rheumatic fever or other infections that might have damaged the hea t, 
and the cause of the intraventricular block was obscure. After a moim i 
in the hospital the patient was discharged apparently quite well, the 

electrocardiogram had not changed. i 

In general outline the ventricular complexes of the standaid leads 
(Fig. 2) are similar to those of Fig. 1. The QRS interval measures 



Fig. 3. — QRS interval, 0.138 second. I, Standard Lead I ; II, standard Lead II ; 
III, standard Lead III. The last six curves are precordial electrocardiogranas taken 
by placing the indifferent electrode on the left leg and the exploring electrode on 
the following precordial points : Pi, tliird interspace, right sternal edge ; Pi, third 
interspace, left sternal edge ; Pj, third interspace, mldclavicular line ; P 4 , fifth inter- 
space, 3 cm. to the left of the midclavicular line (apex) ; Ps, fifth Interspace, anterior 
axillary line; Po, sixth interspace, midaxillary line. The first three curves were taken 
K , galvanometer at the normal sensitivity; the last si.x with the galvanometer 
at half the normal sensitivity. 


approximately 0.124 second. The R siiike is xJromiiieiit in all three 
leads particularly in Lead II. In Leads I and II it is narrow, but in 
Lead III it is wide and notched. There is a broad S-deflectiou in 
Leads I and II, and a prominent Q in Leads II and III. The resem- 
blance between the precordial curves and the corres])onding curves 
of Pig. 1 is striking. The chief upstroke of QRS in the first of these 
curves (Vj) occurs near the end of the QRS interval, approximately 
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0.087 second after the first deflection in Lead I. TJie chief upstroke 
of the ensiform curve (Ve) is nearly as late. In tlie curves taken 
from the left side of the precordium (Vo, V„ and VJ the chief up- 
stroke is almost synchronous with the peak of B in Lead I; in the 
different curves it begins 0.021 to 0.036 second after the first deflec- 
tion in Lead I. The second precordial curve (Vo) is of the transi- 
tional varietjE 

The left leg euiwe is similar to those taken from the left side of the 
precordium, and the chief upstroke occurs at about the same time. 
The left leg may tlierefore be regarded as lying in the left ventricular 
field. The right arm euiwe is like the curves from the right side of 
the precordium, but the resemblance is not close. The left arm ciuwe 
is small. 

The patient whose electrocardiograms are sliomi in Fig. 3 was a 
woman, aged sixty-four years, who ivas under treatment in the hos- 
pital for chronic atrophic arthritis, inguinal heniia and anal fistula. 
She had no complaints referable to the heart, and the physical exam- 
ination of the heart showed nothing abnormal except slight enlarge- 
ment and accentuation of the aortic second sound. The blood pres- 
sure was noimal; the Kahn test was negative. 

The standard electrocardiograms (Pig. 3) differ from those of the 
other two patients in several respects. In Lead I the narrow E spike 
is much more prominent than the broad S-wavc and is preceded bj’- a 
small Q-deflection. In Lead III the deep donmstroke is preceded by a 
small upward movement; a broad upward movement occurs syncliro- 
nously with S in Lead I. Curves of this type are common. They have 
not ordinarilj^ been attributed to right branch block. In this case the 
precordial leads were taken by the old method of placing the indiffer- 
ent electrode on the left leg. Nevertheless they are similar in every 
■way to the corresponding cuiwes of Pigs. 1 and 2. Here again the 
chief upstroke of QRS is late in the first preeordial lead and early in 
the curves taken from the left side of the precordium. In the latter 
it is practically synchronous with the’ peak of R in Lead I and occurs 
about 0.04 second after the fii’st deflection in this lead. The second 
preeordial curve is again of the ti’ansitional type. 

AN ANIMAE EXPERIMENT 

The three sets of preeordial curves described are strikingly similar. 
They are of the type that is obtained in right branch block in the dog. 
In order to demonstrate the resemblance between these clinical curves 
and experimental euiwes taken in the same way we may describe an 
experiment performed on this animal. 

A lai’ge dog was fully anesthetized Avith morphine and ether, and 
the heart AA^as exposed under aseptic precautions by the following 
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method. A large hap of skin and muscle in the preeordium was turned 
back, the pleural cavity was opened hy cutting through one of the 
interspaces, and the adjoining ril>s were retracted. While respiration 
was maintained artificially, a small slit was made in the pericardium 
just below the origin of the pulmonary artery, and the right branch 
of the His bundle was cut by thrusting a small knife through the wall 
of the conus arteriosus and pressing it against the interventricular 
septum in the usual way. The pericardium and the chest were then 
carefully closed, and the animal was allowed to recover. Eight daj^s 
later the dog was anesthetized with morphine and urethane and brought 
to the electrocardiographic laboratory. After the three standard leads 
had been taken, three copper disks with binding -posts attached were 
sewn beneath the skin of the chest. Tliese disks were arranged along 
a line passing across the preeordium in a base-apex direction and mak- 



bv 111 electrocardiograms of a dog with bundle-hrancli block produced 

before H o o in the upper row were 

is anoroxfmateiv^n^nql * 1 *^ lower row after opening the chest. The QR.S inteiwal 
comnfex T t t'>e chest altered the form of the ventricular 

ORS bhVwm to *^ke interval from the beginning of the 

interval to the peak of R measures approximately 0.028 second. 


ing an angle of sixty-five degrees with the midsternal line, which it 
crossed. 19 cm. from the episternal notcli. The first' disk was placed 
9 cm. to the right of the midline, the second in the midline, and tlie 
third 9 cm. to the left of the midline. Using these disks as exploriim 
e eetrodes two sets of leads were taken. In the first set the indifferent 
electrode was placed on the left leg; in the second a central terminal 
connected to the two fore legs, and the left hind leg through resist- 
ances of 5,000 ohms was substituted for the indifferent electrode The 
two sets of curves are similar but show minor differences (Pig 4) 

if;; rlT* «« P™earai„m ,vas cut along T line 

laiallel to the long axis oi the heart, and the out edges were sewn 

to the margins of the chest wound. The exposed heart was now cow 
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ered Muth a pad of gauze soaked in normal saline solution, and a set 
of pad leads was taken. The method employed was the same as in the 
study of bundle-branch block^ previously referred to except that the 
central terminal, instead of the left hind leg, was used as the indif- 
ferent point. The pad of gauze was then removed and a series of 
direct leads from the anterior surface of the heart to the central ter- 
minal, and a second set of standard leads were taken. At the end of 
the experiment the animal was killed, and the heart was removed and 
opened. A rather superficial cut crossing the course of the right 



Fig. 5. — -Precoi'dial and pad electrocardiograms in experimental right branch block. 
In taking the first three records the indifferent electrode was placed on the left mna 
leg; in taking the last six a central terminal connected to the three extremities 
through resistances of 5,000 ohms (see text) was substituted for the indifferent elec- 
trode. In taking the cun^’es of the second row the same exploring electrodp 
used as in taking the corresponding curves of the first row. The exploring electrode 
for Pj, and Vi, was 9 cm. to the right of the midline ; the exploring electrode for 
P 2 and Vs was in the midline; and the exploring electrode for Pa and Vs was 9 cm., 
to the left of the midline. The last three curves were taken wi«i the exploring elec- 
trode in contact with a gauze pad soaked in normal saline solution and laid upon the 
exposed heart. This electrode was placed upon the right basal portion of the pa.d loi 
V 4 , on the central portion for Vs, and on the left apical portion for Ac. The hj’st six 
records were taken with the galvanometer at the normal sensitivity ; the last three 
with the galvanometer at three-twentieths of the normal sensitivity, 

brancli of the His bundle iu its basal half and covered by a small 
amount of adherent thrombus was found. 

The 'Experimental Curves . — The form of the ventricular complex in 
standard leads was considerably altered by opening the chest. In the 
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curves taken before opening the chest the ventricular complexes of 
Lead I are strikingly similar to the ventricular complexes of the same 
lead in the clinical curves we have described; R is tall and narrow, 
S is shallow and broad, and T is upright. In the curves taken after 
opening the chest the ventricular complexes of Lead I are quite differ- 
ent (R is much shorter and S mueli deeper) and resemble in geneial 
outline those usually obtained after section of the right bundle-branch. 
Both the curves taken before and those taken after opening the chest 
show much larger ventricular deflections in Lead I and much smaller 
ventricular deflections in Lead III tlian are ordinarily obtained after 
right branch section. Practically all the canine right branch block 
curves described or reproduced in the literature were taken udth the 
chest open. Lewis-" states that restoration of tlie che.st in his experi- 



Eigr. 6. — Outline drawing of dog’s heart showing the location of the exploring elec- 
trode in taking the direct curves shown in Fig. 7. 

ments did not alter the form of the ventricular complex materially. 
At the present time, however, we do not know definitely how large 
a part exposing the heart plays in determining the form of these curves 
as we know them. 

The resemblance between the human and the canine precordial cui’ves 
(Pig. o) is sticking. In the first precordial lead the chief upstroke 
is late ; it occurs about 0.068 second after the first deflection in Lead I. 
The last precordial lead, on the other hand, shows an early upstroke 
practically synchronous with the peak of R; it begins about 0.028 
second after the first deflection in Lead I. The ventricular complexes 
of the second preeordial lead are of the transitional type. The pad 
curves are similar to the precordial curves. The chief upstroke is late 
in the first, which was taken from that part of the pad which lay upon 
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the right ventricle, and early in the Iasi, -which -was taken from that 
part of the pad that lay on the left ventricle. In the second pad curve 
the chief upstroke is early, but in relative size and in .shape the ven- 
tricular complexes arc like those referred to as transitional. 

j\Iost of the direct curves are reproduced in Fig. 7, and the location 
of the points from which they were taken is shown on an outline draw- 
ing of the heart in Fig. 6. The curves talccn fi’om points on the basal 
portion of the right ventricle show a very late chief upstroke or in- 



Fig. 7. — Direct electrocardiograms from the points indicated in Fig. G. In taking 
these curves a central terminal connected to the tlirec extremities (sec text) was usoa 
as the indifferent point, and the galvanometer was used at one-twontieth normal 
sensitivity. The figures written on tlie records sliow the interval in seconds p’om 
the onset of the first deflection of the QRS group in Lead I to the chief upstroke oi 
the direct curves. The curve (not reproduced) from point 2 is very similar to those 
from points 1 and 4 ; the curve from point 13 is veiy similar to those from POims 
5 and G. In all figures of this article the intervals between the time lines are nttns 
of a second. 


trinsic deflection, which begin.s 0.057 to 0.077 second after the flrst 
deflection in Lead I. The ventricular complexes resemble the flrst 
pad curve and that obtained from the right side of the preeordium 
in general outline, but lack the well-defined upward movement that 
precedes the main downstroke in the latter. 
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The curves taken from, the apical portions of the left ventricle closely 
resemble tlie last pad curve and that obtained from the left side of 
the preeordium. The chief upstroke occurs 0.021 to 0.030 second after 
the first deflection in Lead I and is nearly synchronous with the peak 
of R in this lead. The direct curves show the same broad upward 
movement sjuiehronous with S in Lead I that is seen in the last pad 
and hi the last preeordial curve. In these curves, however, the small 
upstroke that precedes the main dowmvard movement in most of the 
direct curves is absent. 

The direct curves from points near the attachment of the interven- 
tricular septum are someivhat variable in form. In a general way 
they correspond in type to the pad and precordial curves that we have 
classed as transitional. The chief upstroke occurs about 0.04 second 
after the first deflection in Lead I; the ventricular deflections are of 
small amplitude. These curves, however, show only one upstroke. 

DISCUSSION 

The striking- resemblance between the direct, the pad and the pre- 
eordial curves in this experiment strongly supports the view that the 
ventricular complex in preeordial leads in man is similar in general out- 
line and as regards the position of the chief upstroke in the QRS 
interval to the curves that would be obtained by leading directly from 
the epieardial surface of the subjacent portions of the heart wall. 
When there is a conduction defect that greatly dela 5 ’'s the activation 
of the anterior surface of one ventricle without affecting the time of 
activation of the anterior surface of the other, the curves from the 
two sides of the preeordium are, as a rule, so unlike that there is 
little chance of locating the conduction defect on the wrong side. There 
are, however, one or two features of the preeordial curves obtained 
in branch block that are rather puzzling. In the rare type of branch 
block the transition from complexes showing a late chief upstrolce to 
complexes showing an early chief upstroke generally occurs consider- 
ably farther to the right than the transition from complexes of the 
last to complexes of the first kind in branch block of the common 
variety. The principal reason seems to be that in branch block the 
delay in the arrival of the excitation wave at the epieardial surface 
is much less for those portions of the homolateral ventricle that lie 
near the septum than for those that are at a greater distance from it. 
A second peculiarity of the preeordial curves in right branch block 
is the prominent upstroke at the beginning of QRS in the leads taken 
furthest to the right. This deflection occurs in canine as well as in 
human curves. No similar deflection is present in direct curves from 
the right ventricle of dogs with right branch block. For the time beino- 
the origin of this summit remains obscure. 
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Clinical curves of the kind described in this article are evidently due 
to a conduction defect that delays the activation of the anterior surface 
of the right ventricle ; in all probability to complete right bundle-branch 
block. This conclusion is based upon the resemblance between the human 
precordial curves and those obtained in canine right braneli block, and 
upon the resemblance between the ventricular complexes in Lead I taken 
before opening the chest in tlie experiment we liaA^e described and the 
A^entricular complexes of the’ clinical curves in the same lead. 

Until quite recently liuman branch bloclc curves of the common type 
were almost universally accepted as evidence of a defect in conduction in 
the right branch of the His bundle. Such curves are discordant and 
are usually truly diphasic. In Lead I the broad initial deflection is up- 
ward and the large T-Avave is inverted; i)i Lead III the broad initial 
deflection is doAvnward and T is upright. In Lead I there may be a 
small Q; more often it is absent. In Lead III there is frequently a 
small R, but it is seldom if ever large. It was supposed that left branch 
block must be represented by diphasic curves of the opposite kind. Such 
curves proved to be exceedingly rare in comparison with those just de- 
scribed, and this Avas attributed to the difference in character between 
the right and left branches of the His bundle. The former is long and 
slender and giA^es off no early branches; it receives its blood supply from 
a single source. The latter is short and broad and branches almost at 
once; the more dorsal and the more A’entral of its major subdiAUsions 
liaA^e a different blood suppl.y. It seemed proper, therefoi’e, that the 
right branch of the bundle should be the more Auilnerable and that 
right branch block should be tAventy or more times as common as left. 
It may be pointed out, hoAveA^er, that our ideas regarding the frequency 
of the tAvo A^arieties of branch block depend to a A'ery lai'ge extent upon 
the criteria that AA^e set up for the diagnosis of lesions on the one side 
and on the other. It is probable that both right and left branch block 
are considerably more common than is at present belieA'ed. 

In the dog the curves that represent right branch block differ from 
those that represent left branch block in respect to the direction of the 
broad initial deflection and of the T-AA^aA^e in standai’d leads, but the 
tAA"o kinds of curves are not, strictly speaking, opposites. As a rule, the 
latter are tnily diphasic, but the former are often far fx’om it. They 
almost ahvays shoAv a A^ery conspicuous R-deflection preceding the broad 
S, and the first deflection is often one-third to one-half as large, though 
not as broad, as the second. It may cA'^en be lax’ger ixx sonxe leads as in 
the ixistance described in this papex’.® One might expect that a similar 
deflectioxi Avould frequently be seen in human x'ight branch block, and Ave 
believe that this is frequexxtly the ease. 

•AVe have already nointed out that practically all canine branch block curves de- 
scribed in the literature were taken with the chest open. AA'^e _do_ not know wnetnei 
R in Ijead I will prove to be uniformly larger when the chest is intact. 
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The prominent R-deflection in canine right branch block seems to be 
due to electric forces produced by actWation of certain portions of the 
free wall of the left ventricle. A similar deflection in the opposite direc- 
tion is absent in left branch block, probably because the free wall of 
the right ventricle is much thinner than that of the left. In support of 
this surmise regarding the origin of E. in experimental right branch 
block we call attention to the very deep downstroke that occurs in direct 
leads from the apical portions of the anterior surface of the left ventricle, 
and in leads from the left side of the precordium. This downstroke is 
sjTiehronous with R in Lead I, and it seems probable that the two deflec- 
tions have a similar origin. The question arises, therefore, whether the 
R-defleetion in Lead I and the corresponding Q or S deflection in Lead 
III in human right branch block do not tend to be larger when the left 
ventricular wall is thicker. It may be that left ventricular hypertrophy 
tends to modify right branch block curves in this manner. 

In conclusion we believe that the clinical curves described in this 
article represent right bundle-branch block, and have the same signifl- 
eance as the discordant diphasic complexes long regarded as character- 
istic of branch block of the rare type. 


SUMMARY 

Serial precordial leads have been used in an attempt to locate the 
conduction defect responsible for electrocardiograms characterized by 
a QRS interval measuring 0.12 second or more and by narrow R-deflec- 
tions and broad S-deflections in Lead I. In Lead III there is a narrow 
Q or S deflection synchronous with R in Lead I and a broad upward 
deflection synchronous with S in the same lead. 

In eases in which the standard' electrocardiogram is of this type pre- 
cordial leads from the right side of the precordium show a very late 
chief upstroke; precordial leads from the left side of the precordium 
show an early chief upstroke approximately synchronous with the peak 
of R in Lead I. These curves are strikingly similar to those obtained by 
the same method of leading after section of the right branch of the His 
bundle in dogs. 

For this reason it is believed that electrocardiograms of the kind men- 
tioned represent right bundle-branch block in man. There is much less 
difference in frequency between clinical right and clinical left branch 
block than has heretofore been supposed. 
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ELECTEOCARDIOGEAMS OP AN UNUSUAL TYPE IN EIGHT 
BUNDLE-BEANCH BLOCK* 

Frank N. Wilson, M.D., Franklin D. Johnston, M.D., 

AND Paul S. Barker, M.D. 

Ann Arbor, Mich. 

TN PEEVIOUS articles^’ - it lias been shown that precorclial leads are 
A of great value in locating intraventricular conduction defects. The 
form of the ventricular deflections in such leads indicates that in man 
right bundle-branch block is often represented by ventricular com- 
plexes characterized by a broad S-defleetion in Lead I, a simultaneous 
broad upward deflection in Lead III, and an abnormally long QES in- 
terval. In this article ive present CA’idence that it is occasionally 
represented by ventricular complexes of a different kind. In Lead III 
complexes of the tn^e to which we refer are similar to those seen in 
left branch block, but in Lead I all the ventricular deflections are of 
loAV Amltage and the last deflection of the QES group is dowiiAvard. 
Precordial leads haA^e been employed in three cases in Avhich the stand- 
ard electrocardiogram Avas of this class. 

Case 1 . — The first patient was a man, thirty-seven years old, who had suffered 
from severe bronchial asthma for the last three or four years. The symptoms were 
those characteristic of this condition, and the attacks were relieved by adrenalin. 
Por the preceding month dyspnea had been almost continuous. Examination of the 
lungs showed emphysema, wheezing expiration, and many sibilant rales. The heart 
was moderately enlarged; an orthodiagram showed a frontal plane area 4S per cent 
larger than that found in normal subjects of similar size. The blood pressure was 
not increased, and no valve lesions could be detected. There was a liistory of 
chancre twelve years before, but the Kahn test was negative. Examination of the 
blood showed nothing abnormal. Treatment with adrenalin, epliedrine, and vaccines, 
and the elimination of foods that gave positiA'e skin tests were followed by slight 
improvement, but frequent asthmatic attacks continued. About two months after 
the patient first came to the hospital, the heart rate, which had always been within 
normal limits, suddenly rose to approxbnately 180 per minute. At the same time 
the rhythm became couspicuously irregular. The abnormal rhjdhni lasted about 
four hours and ended, as suddenly as it began, one-half to one hour after the 
administration of a second 0.2 gram dose of quinidine sulphate by mouth. The 
first electrocardiogram was taken shortly after the onset of this attack. It shows 
strikingly abnormal, diphasic ventricular complexes of the discordant tjTpe. The 
chief deflection of the QES group is downward in Lead I and upward in Leads II 
and III; there is a pronounced alternation in the amplitude of all the ventricular 
deflections. The ventricular rhythm is decidedly irregular. Ko auricular deflections 
can be clearly discerned. It was thought that the paroxysm was of ventricular 

*Prom the Department of Internal Medicine, University of Michigan Medical School. 
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An electrocardiogram taken on the following day shows normal sinus 

T t i m intnlted by frequent ventricular extrasystoles, which are represented by 
rlijtlmi intenupt \ J the attack. In this electrocardiogram 

ITdCthosTtaken subsequently the ventricular responses to the auricle are repre- 
sented by complexes of the kind sliown m Fig. 1. , ^ . .n. 

In Lead I all the ventricular deflections are small. The last deflection of the 
ORS aToup is the largest and it is downward. In Leads II and III there is a small 
^followed by a deep broad S, and T is upright. The QRS interval is approximately 
0.167 second. At first we were under the impression that these cunes were .n 



Big. 1. — Case 1. QRS interval, 0.1G7 second. The upper curve of the first six 
records is standard Lead I ; tlie upper curve of the last six records is standard Lead 
II reduced to about one-half its normal amplitude. The notes that follow refer to the 
lower curve of each record: I, standard Lead I; II, standard Lead II; III, standard 
Lead III ; Vn, potential variations of the right arm ; Vl, potential variations of the 
left arm; Ef, potential variations of the left leg. The last six curves represent the 
potential variations of the following precordial points; Ej, fourth costal cartilage at 
right edge of sternum ; E=, fourtli interspace at left edge of sternum ; Es, fifth rib half- 
way between left sternal edge and left nipple line ; Ej, flftii interspace in left nipple 
line ; Eq, sixth rib left anterior axillaiy line ; Eo, sixth rib left midaxillary line, ^e 
precordial cuiwes were taken pdth the galvanometer at seven-tenths of the normal 
sensitivity ( 7 mm. equal 1 millivolt). The remaining curves were taken with the 

th" UtoKs fmSteMth'f M a se'c'S In this arllcla 
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unusual variant of the kind seen in bundle-branch block of the common variety 
(left branch block), but when precordial electrocardiograms were taken, it was 
obvious that this was not the case.* 

In the leads from the right side of the precordium (V„ Vj, and VJ tlie chief upstroke 
of QES is very late. It occurs near the end of the QRS interval and begins about 
0.12 second after the earliest ventricular deflection in Lead II. In the leads from 
the left side (V^ and VJ of the precordium the cliief upstroke of QRS is somewhat 
earlier, but is poorly defined. The precordial electrocardiograms are similar to 




Pig. 2. — Case 2. QRS interval, 0.177 second. In each record the upper curve is 
standard Lead I. The notes that follow i-efer to the lower curves onl5\ I, standard 
Lead I ; II, standard Lead II : III, standard Lead III ; Vit, potential variations of the 
right arm ; Pi,, potential variations of left arm ; Pf, potential variations of the left 
leg. The last six curves represent the potential variations of the following precordial 
points : Pi, fourth rib right sternal edge ; Ps, fourth interspace left sternal edge ; Ps, 
fifth rib halfway between the left sternal edge and the left nipple line ; Pi, AHh 
interspace left nipple line; Ps, sixth rib left anterior axlllarj’- line; Pe, sixth rm left 
midaxlllary line. The figures written on the records give the interval in seconds be- 
tween the first deflection of the QRS group in Lead I and the beginning of the chief 
upstroke of QRS in the lower curve. The precordial cur\^es were taken with the gal- 
vanometer at half the normal sensitivity ; the remaining curves were taken with the 
galvanometer at the normal sensitivity. 


*In taking these precordial curves and all others described in this article, a central 
terminal connected to the right arm, left arm, and left leg through resistences of 
5,000 ohms was used as the indifferent point. This method has been described else- 
where it yields curves that may be regarded as representing the potential vari- 
ations of the exploring electrode. 
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those that have been showiiE 2 to be characteristic of riglit branch block in the 
dog and of branch block of the rare type in man. The chief differences are that 
in the present case the area over which complexes with a late chief upstroke were 
recorded extended somewhat further to the left than is usual, and that in the leads 
from the left side of the preeordium the chief upstroke of QRS rises slowly and is 
of small amplitude. The curves that represent the potential variations of the right 
arm and left arm are like those obtained from tlie right side of the preeordium ; the 
curve that represents the potential variations of the left leg is like those obtained 
from the left side of the preeordium. 

Case 2. — The second patient was a man, forty-eight years old, who came to the 
hospital complaining of attacks of unconsciousness. These attacks were of short 
duration and came on without warning. They were accompanied by a gripping 
sensation in the epigastrium, and a feeling of pressure under the sternum. The 
first attack had occurred four months before, and he had had several since. There 
was no enlargement of the heart 5 an orthodiagram showed a frontal plane area 
within normal limits. The systolic blood pressure was 125 mm. Hg; the diastolic 
85 mm. Hg. The heart rate was 75 per minute and no murmurs could be detected. 
The heart sounds were very distant. The Kahn test and the examination of the 
urine were negative. 

The electrocardiograms arc shown in Fig. 2. The standard curves, the precordial 
curves, and those that represent the potential variations of the extremities are 
strikingly similar to the corresponding curves of Fig. 1. The QRS interval meas- 
ures approximately 0.177 second. In Lead I the ventricular deflections are small. 
The chief deflection of the QRS group is upward, but there is a prominent deflection 
downward at the end of the QRS interval. In Leads II and III there is a small R 
followed by a deep broad S. In the leads from the right side of the preeordium 
the chief upstroke of QRS is late; it occurs about 0.11 second after the beginning 
of the QRS interval. In the leads from the left side of the preeordium, on the 
other hand, the chief upstroke of QRS occurs somewhat earlier. In these leads it 
begins about 0.07 second after the beginning of the QRS interval, and is somewhat 
better defined than in the corresponding curves of Fig. 1 . The potential variations 
of the right and' left arms indicate that these two e.xtremities lay in the right 
ventricular field; the left leg was in the left ventricular field. 


Case .3. — The third patient rvas a farmer, aged fifty-eight years, who came to the 
liospital because of an inguinal hernia and shortness of breath on exertion. The 
latter had been noticeable for about three months, but had been worse for the past 
month. On one occasion some ten days before he had had to sit up all niglit because 
of nausea, vomiting, and breathlessness. Since that time there had been some pain 
in the preeordium, but apparently it had not been severe. Ten days before coming 
to the hospital the patient had observed a painful red spot about two inches in 
diameter on the medial aspect of the lower left leg, and three or four days later 
the whole leg became tender. It was .still red and somewliat swollen. 

On examination the heart appeared to be slightly enlarged. There were no 
murmurs or other adventitious sounds. The heart sounds were distant. Tlie heart 
rate was 80 per minute, and the rhythm was regular. The systolic blood pressure 
was 150 mm. Hg; the diastolic 90 mm. Hg. A few moist rales were heard at the 
lung bases. The condition of the left leg, which was swollen and tender was 
thought to be due to venous thrombosis and thrombophlebitis. The Kahn test wiis 
negative. About three days after entering the hospital the patient suddenly began 
to complain of severe precordial pain, which was accompanied by profuse sweating 
pallor, cyanosis, vomiting, and obvious dyspnea. It was not relieved by nitro’ 
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glycerin, and morphine was given. On the following day there was some precordial 
pain and pronounced shortness of breath. Tlie systolic blood pressure had fallen 
to 100 mm. Hg, and there was slight fever and a definite leucocytosis (16,000 white 
cells per c. mm.). After this the patient’s condition was poor; he continued to 
complain of shortness of breath, precordial pain and' vomiting. The pulse became 
very rapid and irregular and Cheyne-Stokcs respiration frequently occurred. About 
one week after the attack described he had a severe chill, followed by high fever. 
He became moribund and died on the following night. An electrocardiogram taken 
soon after the patient was admitted to the hosi^ital shows normal sinus rhythm. A 
second taken on the day of the attack shows sinus tachycardia (rate about 140 per 



Fig. 3. — Case 3. QRS interval, 0.153 second. The upper curve of each record is 
standard Lead I. The notes that follow refer to the lower curves only. I, standard 
Lead I ; II, standard Lead II ; III, standard Lead III. Fit, potential variations of the 
right arm ; Vl, potential variations of the left arm ; Fr, potential variations of the 
left leg. The last six curves i-epresent the potential variations of the following pre- 
cordial points: Fi, fourth rib at right edge of sternum; Fj, fourth interspace at left 
edge of sternum ; F 3 , fifth rib halfway between left sternal edge and left nipple line ; 
V 4 , fifth interspace left nipple line (apex) ; Fs, sixth rib left anterior axillarj' line; 
Fc, sixth rib left midaxillary line. All of these curves were taken with the galvan- 
ometer at the normal sensitivity. The figures written on the records give the interval 
from the first ventricular deflection in Lead I to the beginning of the chief upstroke 
of QRS in the lower curve. 
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minute) . A third taken on the following day shows frequent auricular extrasystoles ; 
the sinus rate is approximately 100 per minute. A fourth taken four days before 
death shows auricular fibrillation. In all of these curves the ventricular complexes 
of the sequential beats are of the same form and suggest high grade intraventricular 
block (Pig. 3). 

The autopsy showed bilateral thrombosis of the great saphenous veins, nioic 
recent on the left side, with secondary prdmonary embolism. There were many 
infarcts in the lungs, and this was apparently the immediate cause of death. The 
heart weighed 500 grams; its position in the body was not noticeably unusual. No 
areas of fibrosis ivere visible to the naked eye. On the loft side of the lower septum 
there rvas a questionable change in the color of the muscle; it seemed slightly paler 
than the rest of the myocardium. The valves were not abnormal. The larger 
coronary vessels showed patchy atlierosclerosis but no thrombi were found. 

klicroscopic examination of the heart muscle showed hypertrophy of the fibers 
and pronounced atherosclerosis of the coronary arteries with calcification of the 
media and narrowing of the lumen. There were numerous areas of fibrosis and a 
small area of recent softening was also seen. The areas of fibrosis were most con- 
spicuous in the septum, and here there was also some localized impairment of the 
staining power of the muscle, suggesting earlj’- ischemic necrosis. The latter change 
■was slightly more pronounced in some of the blocks from the free wall of the left 
ventricle. 

The electrocardiograms shown in Pig. 3 were taken nine days before death. The 
standard curves are similar to those shown in Pigs. 1 and 2. The QRS interval is 
approximately 0.153 second. In Lead I the ventricular deflections are small, the B 
and S deflections are of about the same size, but the latter is the broader. In Leads 
11 and m, R is very small and' S very deep and broad. The first precordial curve 
is similar to the corresponding curves of Figs. 1 and 2. The chief upstroke of QRS 
is late and begins about 0.1 second after the onset of R in Lead III. In the curves 
from the left side of the precordium the chief upstroke of QRS is early; it begins 
0.02 to 0.03 second after the onset of R in Lead I. The second precordial curve is 
of the kind we have referred to as transitional.! 


DISCUSSION 

The standai'd electrocardiograms in these tliree cases resemble some 
of those that have been obtained after section of the right branch of 
the His bundle in the dog. Right branch block in this animal is al- 
most always represented by curves in which all the ventricular deflec- 
tions of Lead I are small; in some instances R. and in others S is the 
moie prominent. In Leads II and III the chief and final deflection of 
the QRS group is downward. So far as Lead I is concerned, the stand- 
ard curves reproduced in this article are also somewhat like those in 
which the ventricular complexes show a broad S-deflection in Lead I 
and a simultaneous broad upward movement in Lead HI.- In the lat- 
ter, however, the deflections of Lead I are larger; R is thinner and 
more prominent, and T is more definitely upright than in the former- 
S IS conspicuous in both. The resemblance does not extend to Leads II 
and III; 111 these leads curves of the former kind are more like and 
cannot be easily distmgnisbed from those that are seen in left branch 



478 


THE AMERICAN HEART JOURNAL 


Tlie precordial curves indicate clearly that in each instance the con- 
duction defect was on the right side. They are similar to those ob- 
tained in right branch block in the dog and to those obtained in pa- 
tients who exhibit diphasic ventricular complexes of the rare type or 
ventricular complexes with broad S deflections in Lead I.- There are 
certain minor differences, which maj’- or may not be important. In 
Cases 1 and 2 the areas from Avhich complexes shoAving a late upstroke 
were obtained Avas much larger and extended much further to the left 
than is usual ; this is not true, hoAvever, of Case 3. Tlie curves from the 
left side of the precordiuni lack the deep doAviiAvard moAmment at 
the beginning of the QRS interAml that ordinarilj’- occurs in the same 
leads in normal subjects, in dogs with riglit branch block and in most 
of the patients Avith electrocardiograms of tlie kind Ave attribute to 
right branch block. In the first tAvo eases the chief upstroke of QRS 
is unusually small and of unusually long duration. 

It is possible that in cases of the kind described in this paper Ave are 
dealing AAdth right branch block plus something else that modifies the 
A’-entricular complexes of the standard leads and of leads from the left 
side of the precordium. This additional factor, if it is really present, 
need not ahvaj^s be the same. In some eases it may be some peculiarity 
in the position of the heart ; in others a lesion of some of the subdhd- 
sions of the left bundle-branch or infarction of the free or septal Aimll 
of the left A’-entriele. In Case 3 the extensive changes in the coronaries 
and in the left A’^entricular muscle found at autopsj' may haA'e played 
some part in determining the unusual outline of the electrocardio- 
gram. In the other cases Avidespread myocardial changes Avere prob- 
ablj^ present, but there Avere no symptoms or signs suggesting myo- 
cardial infarction. 

Electrocardiograms of the kind under consideration do not appear 
to be A'^ery common, but their real frequency is as yet unknoAim. An 
electrocardiogram that probably belongs to this class Avas reproduced 
in a recent article from this laboratorj^ (see Pig. 20 D, p. 195). It 
Avas there mistakenly referred to as an atypical example of the curves 
seen in branch block of the common tj'-pe. A large infarct invohdng 
the apical portion of the left ventricle Avas found post-mortem. An- 
other curAm of the same kind is reproduced in Mahaim’s'' treatise on 
lesions of the His bundle (his Pig. 72, p. 242). In this instance em- 
bolic obstruction of the anterior descending branch of the left coro- 
nary artery Avas found at autops.y. The infarct Avas on the anterior 
and septal Avail of the left ventricle. Serial sections of the bundle- 
branches shoAved lesions interrupting the right branch and the ante- 
rior subdivisions of the left. It maj’’ be pointed out that the curves 
reproduced in Pigs. 89, 95, and 100 of IMahaim’s Avork also shoAv con- 
spicuous S deflections in Lead I. In this respect they are like those 
reproduced in this article, and quite different from cui’A'^es of the kind 
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we attribute to left braiicli block. A searcli of the literature would 
undoubtedlj" disclose other cases in which curves of the type under 
consideration were recorded (see Pardee,® Pig. 18 /I, P- /6). 

SUMMARY 

There are certain cases of intraventricular block in which the ven- 
tricular complexes of the electrocardiograms show the following char- 
acteristics : In Lead I all the ventidcular deflections are small. There 
is a conspicuous S deflection, and T is usually flat or upright. In 
Leads II and III the ventricular deflections are similar in all respects 
to those seen in bundle-branch block of tlie common variety. 

Precordial leads have been employed in three cases in which the 
standard electrocardiograms were of this kind. In these leads the 
ventricular complexes are like those that are recorded in dogs with 
right branch block and in patients with diphasic ventricular com- 
plexes of the rare type. It is thought that the curves referred to 
represent right branch block. >Some additional factor that modifies 
tlie form of the electrocardiogram may be present. 
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PRIMARY SARCOMA OF THE HEART 

Report op a Case With Eeectbocardiogkaphic and Pathological 

Studies*'! 

Ablie R. Babnes, M.D., Donald C. Beaver, M.D., 

AND Albert M. Snell, M.D. 

Rochester, Minn. 

INVASION of the heart by a neoplastic process, wliether primary or 

secoiidaiy, is relatively rare. Ljmiburner, in a review of 8,550 post- 
mortem examinations at The Mayo Clinic, found 4 cases of primary 
tumor of the heart, and in 52 eases the heart Avas the site of metastatic 
iuA^asion neoplasms. Adami stated that the relative immunity of 
the heart to neoplastic im’-oNement “is iirobablj' to be attributed to the 
fact that the heart, above all organs, is constantly in a state of great 
efficiency, well-nourished, Avell-innervated, and functionally ahvays 
active.” The rarity of cardiac neoplasms is attested by the fact that 
Ljunburner found only 226 cases of primary tumors of the heart re- 
corded in the literature, to which he added 4 cases. The first reports 
of eases are attributed, by Beck and Thatcher, to Zollicofferus (1685) 
and Theophy Boneti (1700). According to Perlstein, the first authen- 
tic modern cases are those of Albers (1835) and Bodenheimer (1865). 
In recent j’^ears, a number of Avi'iters liaA^e reported additional cases 
and have revicAved the literature; among the more important rcAdcAvs 
of this tjTpe are those of Perlstein, Beck and Thatcher, Meroz, 
Uehlinger, Karrenstein, Goldstein, Bradle.y and MaxAvell, Diebold, 
Pommer, and Matras. The consensus of opinion of these AAU'iters is that 
the majoritj"' of primary cardiac tumors are of mesenchymal origin, 
and may be classified as spindle-cell, round-cell or mixed-cell sar- 
comas, the first-named being the type most commonly encountered; 
a feAv i’habdom 3 ’'osarcomas haAm also been noted. The primary focus 
of these tumors is Amriable. Beck and Thatcher cited Link’s series of 
cases, and noted the relatiA^ely high incidence of primary inAmNement 
of the auricles ; the A’^entricles, AmWes, and iutra-auricular septum are 
considerably less common as primary sites. 

The symptoms of these tumors are, as one might expect, as variable 
as is their distribution. Numerous analyses of the sj^^mptoms have been 
made, but no constant clinical syndrome can be said to haA'^e been es- 
tablished. As Meroz has pointed out, there can be no characteristic 
symptoms if the tumor does not interfere Avith the cardiac mechanism. 

*Submitted for publication November 23, 1933. 

tProm the Sections on Cardiologrj^ and Pathologic Anatomy and tlie Division of 
Medicine of the Mayo Clinic. 


480 



lURNES 3';i' M*-' 


I’UIi^lAUY SAUf‘()MA OF lIF.AHT 


-ISl 


He went on to state that if the valve orifices are involved, .stenosis, le- 
gurgitation, or both, may result, and the pulmonary and genoia 
circulation may be involved singly or in combination li the pen- 
cardial surface is involved, an eiTusion, usually hemorrhagic, results; 
involvement of the cavities may produce multiple embolic phenomena, 
and involvement of the conduction system may produce arrliythmia 
of various types. Merox' conception of the symptoms of cardiac tu- 
mors is based ehiefiy on hypotlietical grounds. Nowicki, Itradley and 
Maxwell, Matras, and others, from a study of case records, have out- 
lined the symptoms most commonly recorded in the literature. Among 
these may be meutioued : (1) ]irogre.ssive circulatory failure, Joi uhich 
no obvious anatomical basis can he denioiistralcd ; (2) progre.ssiveli 
increasing valvular stenosis, with murmurs which change on move- 
ment or from day to day; (3) signs of mediastinal tumor, sometimes 
associated with gross changes in the appearance of the liearl on roent- 
genological examination ; and (4) recurrent heiiiorrliagic jierieardial 
or pleural effusions. 

So far as ive are able to .iudge from available reports in the litera- 


ture, the diagnosis of a primary cardiac neoplasm lias not been made 
during life. Lymburncr iwicwcd 4 cases in wliieli secondary tumors 
of the heart had been recognized during life, including the ease re- 
ported by ‘Willius and Amberg in .1921. The case rejiorfed liern is of 
particular interest because the coexisiciice of sigii.s of ])ericarditi,s. 
heart-block, and metastasis to the muscles of the shoulder girdle per- 
mitted a tentative clinical diagnosis of malignant involvement of the 
heart. Curiou.sly enough, the two principal diagnostic iioints in this 
ease, heart-block and metastasis to the .skeletal sy.slom, apjiear to he 
particularly uncommon. Bradley and Maxwell stated that, heart-block 
has been noted in two easo.s, and Goldstein cited the ease of Arnislron«>- 
and Monckeberg, in wliicli tliis condition developed in an infant, with 
a cardiac tumor. In Beck and Tliatcher's case a nietasfatie deposit 
was noted in the right deltoid muscle. In Bcrlstein’s .scrio.s- of tliirt v 
case.s, metastasis was noted in the lung.s, liver, pancreas, and iiiedia.s- 
tinal lymph nodes, and in the suprarenal glands, hut. not. in the skele- 
tal system. The diagnosis in tliis ease is therefore no eonlradiction of 
the often-quoted statement that diagno.si.s of a cardiac tniuor i.s 
either impossible or a matter of good fortune.” 


A woman a housekeeper, agert sLxqv-two years, n-.a.s adn.itlea lo Hi. Mary’s Ik 
pital December 10, 1032, bcca,iisc of pain hi flic thorax and dvapnea on exert io 
These symptoms had been present for about two nmntl.s and liad been 'iccomivuii, 
by definite loss of weight and slrongth. Por aliout one mouth she had snlTcrod fro 

Xi,L ' ‘ '» <'» « <1.0 rl . 
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Pliysicnl oxaniiiiation gave ovidenee of (■oii.sidera))lo loss of weiglit, and tlic 
patient was deoidedly ill. The temperature was 102° F., and the pulse rate 120 
beats each minute. Cyanosis or peripheral edema could not be made out, but definite 
orthopnea was present. There -were no oral foci. Examination of the lungs gave 
essentially ^legative results. Tliere were no significant abdominal finding.s, except 
some tenderness in the upper end of a i)revious laparotomy scar. Examination of 
the pelvis gave essentially negative re.sults, except for evidence of menopausal in- 
volutionary change. The principal phj’sical findings concerned the heart. It was 
not enlarged, the tones were clear, and definite valvular murmurs could not be 
heard. Loud friction sounds were heard all over the precordium, varying some- 
what on change in the patient ’s condition. Kesults of urinalysis and serological 
test for syphilis were negative. Tlie concentration of hemoglobin was 11.4 gin.; 
erythrocytes numbered 4, .190,000 and leucocytes 0,200 in each cul)ic millimeter of 
blood. A roentgenogram of the thorax revealed a calcified tuberculous process in 
the upper lobe of the left lung. Two cultures of the blood did not reveal growth 
in forty-eight hours. An agglutination test for Alcalipcno/t ahoylu.‘< was negative. 
Electrocardiographic examination disclosed a rate of 106, sinus tachycardia, exag- 
gerated P-wave in derivation II, and .slurred QRS complexes in derivations 11 and 
III. 

A diagnosis of subacute, fibrinous periearditi,s was made, but no explanation was 
advanced at the time as to its etiology. Because of its probable infectious nature, 
however, a course of sodium cacodylate was begun, the dosage consisting of 7^2 
grains (0.48 gm.) given inti'avenously twice daily. Five days later the pericardial 
friction sounds were altered; in fact, with the jiatient in the sitting position they 
were almost inaudible. There were no signs of pericardial effusion, and she was 
definitely better. Heceinber 22 the pericardial friction sounds had completely disap- 
peared, and the temperature remained below 100° F. for twenty-four hours. Ad- 
ministration of sodium cacodylate was discontinued at this time. On this date the 
pain in the thorax was entirely relieved, but on December 26 it rcajipeared, and the 
•temperature began to become elevated in the afternoon to about 102° F. Another 
course of sodium cacodylate was begun, but within three days a diffuse, arsenical 
type of dermatitis developed, which compelled us to abandon this form of treatment. 
The dermatitis cleared rapidly under treatment, and caused the patient no serious 
inconvenience. 

On January 3, 1933, it was noticed that the cardiac tones were much less distinct, 
espeeiallj' in the region of the apex. Tlierc were no definite signs of pericardial 
effusion, and roentgenograms of the thorax did not reveal significant widening of 
the cardiac shadow. An electrocardiogram made on this date revealed a rate of 
116, left ventricular preponderance, diphasic T-wavc in derivations I and II, notched 
P-wave in derivation II, and notched QES eompilexes in derivation III. Culture of 
the blood did not reveal growth in forty-eight hours. 

On the night of January 5 acute ijain developed in the region of the right shoulder. 
On the following morning the joint was painful to touch, and there was a moderate 
amount of induration along the posterior border of the deltoid muscle. Local treat- 
ment with hot packs, and full doses of salicylates given during the next few days 
failed to have any effect on this condition, and by Januarj' 9 the joint was swollen, 
hot, and indurated. A tentative diagnosis of metastatic abscess of the right deltoid 
muscle was made, and after a further period of observation of three days, the muscle 
was incised under procaine anesthesia. The muscular substance was edematous and 
indurated, but a definite abscess could not be found. Tissue cultures were made; 
and a specimen was removed for biopsy. On jiatliological examination this revealed 
very e\ndent involvement of tlie muscle with malignant cells, but these were so un- 
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differentiated that a definite conclusion could not be reached as to then \ . 

source. The cultures did not reveal growth of organisms. During tiie next four oi 
five days there was little change in the imtient’s condition. The pain m the thorax 
and shoulder continued, and the pericardial frictioii sounds continued to lie definitely 
audible at times and absent at others. 


On the morning of January 18 considerable edema was present in tlie left arm, the 
lumbodorsal region, and both lower extremities. The cardiac rhythm, which preii- 
ously had been regular, was greatly altered, and gross irregularity was noted. An 
electrocardiogram ivas made at once, and this gave evidence of an aurmular rate 
of 116 and a ventricular rate of 86, with complete aurieuloventricular dissociation. 
On the following day the cardiac rhythm became regular, but the electrocardiogram 
revealed a prolonged aurieuloventricular conduction time of 0.82 seconds. A diagnosis 
of tumor of the heart, with involvement of the conduction system and pericardium, 
and with metastasis to the right deltoid muscle was suggested. Because of the 
uncertainty with regard to the previous biopsy, another specimen was taken fiom 
the same region. A somewhat more satisfactory biopsy was obtained from the 
muscle, which on examination revealed a liiglily undifferentiated, infiltrating, de- 
generating cellular tumor, probably a sarcoma. This development apiieared to estab- 
lish definitely the diagnosis of sarcomatous involvement of the heart. Owing to the 
patient’s greatly weakened condition the seai’ch for a primary source was necessarily 
curtailed, and the results were entirely" negative. Repeated roentgenological examina- 
tions of the thorax and a series of cultures of the blood gave no significant results. 
Electrocardiograms were made January 21, 23, 2o, and 27, all of them giving evidence 
of complete aurieuloventricular dissociation. The peripheral edema, which liad 
been noted prerdonsly, increased slowly. The patient became more and more 
stuporous, and roused only to complain of iiain in the affected shoulder. She took 
almost no food, and appeared to fail very rapidly. A course of radium therapy 
was given over the right shoulder in the hope of relieving the pain and perhaps of 
effecting slight temporary improvement in licr general condition. She was trans- 
ferred to her home by ambulance January 31, when the treatment with radium had 
lieen completed. Her course there -was marked by progressive failure and in- 
creasing edema and orthopnea, as well as liy other signs of circulatory failure. Death 
occurred February 14. Examination shortly before death gave no further clinical 
evidence of sarcomatosis, except some rather questionable nodules in tlie region of 


the left deltoid muscle. 


A''ecro 2 is)/.— Necropsy was performed five hours after deatli. Tlie body was ex- 
tremely emaciated, and the lower extremities were markedly edematous. Multiple 
purpuric patches were present on the skin of the face and foreiiead. The skin of 
the right arm, overlying the deltoid muscle, was tliickened and revealed multiple 
firm, fixed, small, shotlike, subeutaneous nodules, by palpation. In both pleural 
«ivities there was clear, dark amber fluid, 500 c.e. in the riglit cavity and 1,000 c.c. 
in the left. The pericardial cavity was obliterated, partially by fibrous and 
fibrmous adhesions between the parietal and visceral layers, Imt'also by the inter- 
position of soft, grayish white, neoplastic tissue. The neoplastic tissue appeared 
o arise from both parietal and visceral layers, and to be entirely confined within 
the sac; the external surface of the parietal pericardium was smooth, glistening, 
and apparently free from tumorous involvement. On manu.al separation of tlfe 
peiicaidia surfaces, the inlernal parietal surface and the viscel'a! surface dis- 
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The lieart and adherent pericardinm weighed 325 gm. The wall of the right 
auricle was difFiisel;^- thickened and replaced by relatively soft, friable, grayish white 
tissue, which was contiguous with similar airpearing tissue of the epicardium. Al- 
though the auricular wall appeared to be diffuselj' involved, there were some areas 
wliich were distinctly nodular. These were especially prominent above the posterior 
cusp of the tricuspid valve, where the endocardium was eroded by tumor. Here 
the tumor extended somewhat into the auricular chamber, as slightly elevated and 
roughened nodules; the two largest of these were each 1 cm. in diameter. Else- 
where the endocardium of the auricle was smooth and apparentlj' not extensively 
invaded; where considerable tumor tissue existed in the wall, however, there was 
an evenly rounded bulging of the corresponding portion of the wall toward the 
auricular chamber. This was especiallj’’ the ease in the region of the interauricular 
septum, below the foramen ovale. The thickness of the wall of the right auricle 
was usually 0.5 to 1.5 cm., but at the septum it was 2.5 cm. thick. The tricuspid 



Pigr. 1. — Neoplastic involvement of the pericardium over tlie posterior portion of 
the left ventricle. The pericardium has been reflected from the epicardium. 

Fig. 2. — Involvement of the risht auricle and right ventricle bs; the neoplasm. Tlie 
tumor of the aui'icle is particularly prominent above the tricuspid valves. Most ex- 
tensive involvement of the right ventricle appears on the interventricular wall ; an 
incision appears througii the center of this area. 

valves were normal. The wall of the right ventricle was involved in a way similar 
to that of the right auricle, but the involvement was less extensive. There was 
diffuse, grayish white, neoplastic infiltration of the ventricular muscle below the 
posterior papillary muscle, extending dowuiward to the apex, and anteriorlj’ to the 
base of the anterior papillary muscle; the tumor extended toward the left in the 
interventricular septal portion of the right ventricle, as far as the papillary muscle 
of the conus. Most of the neoplastic change observed in the right ventricle was in 
this portion. There was no tumor observable in the anterior wall (except near the 
apex) in the region of the conus arteriosus, in the base beneath the trieiisfiid val\es, 
nor in the extreme left portion of the septal region. At the apex, the wall of the 
right ventricle was 1.5 cm. thick ; elsewhere the thickness a.vcraged O.S cm. No- 
where in the right ventricle did the tumor extend through the endocardium. The 
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pulmonary valves were normal. (Fig. 2.) The left nurieulnr wall was invaded by neo- 
plasm only in tlie region of tlic interanricular septum and the auricular appendage. 
The wall of the appendage was 1 ein. thick. Elsewhere, except in the interanricular 
septum, the wall of the left auricle was 1 to 2 mm. thick. The mitral valves were 
normal. The left ventricle was normal; its muscle was approximately 1 cm. thick. 
The aortic valves were normal. The large vessels, to and from the heart, were 
normal, without neoplasm surrounding them, except in their intrapericardial portion. 


Both Inngs revealed nnmerous very small, mostly suhpleural, metastatic nodules, 
the largest of rvliich was l.o cm. in diameter. The thymus gland was replaced 
by adipose tissue; there rvere no metastatic. nodules. About the arch of the aorta, 
and the bifurcation of the trachea, some lymph nodes Avere enlarged. In one region 
the nodes rvere conglomerate and formed a firm, grayish Avhite mass 3 cm. in diameter. 
Lymph nodes elseAvhere were somewhat enlarged, but on gross inspection disclosed 



polymorphism of the tumor, as it involves the epicai'dium of tlie viVut 

smalf cytoplasmic^ vacuo\er%Sy’s*^phosKuSsUc''acid'teml\^^^^^^ 


no evidence of tumor. Tim thyroid gland was atrophic, but otherwise revealed no 
lesions. The cervical nodes rvere not remarkable in any way. The esonliaeus 
stomach and intestinal tract ivere normal. The pancreas was 'normal, except for 
one firm pinkish white nodule 0.5 cm. in diameter in the body of the gland There 

The ^1i«™eter in the liver. The spleen was normal 

The Ka™;Taf 
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tially iiorinal. Except for left cystic lij'elitis and ureteritis, the remainder of the 
urinary tract was normal. Tliere were multiple, small, subserous leiomyomas in the 
uterus. The adnexa were normal. The brain was not examined. 

Microscopic sections of the tumor, taken from the pericardium and myocardium, 
revealed a highly malignant neojilasm of polymorphous cell type. In the myocardium 
the tumor cells tended to invade the muscle-bundle inter.spaces, but occasionallj' large 
aggregations of tumor colls were formed, from which cardiac muscle cells had entirely 
disappeared. Both pericardium and e 2 )icai-dium were involved by the tumor, and 
the normal spaces between those structures were obliterated by tumor and organizing 
fibrinous exudate. The neoplastic cells were usuall}' large and siiherical or oval, 
with some tendency to long spindle shapes (Pig. .3). The smaller colls resembled 
lymphocytes, although they were somewhat larger. In these, there was usually a 
scant amount of cytoplasm. In the cells of greater size the cytoplasm was abundant, 
and had marked atfinity for the eosin stain. The cytoplasm of the larger cells was 
sometimes foamy, due to small, unstained vacuoles (Pig. 4). In other cells a fine, 
I'pticular, cytoplasmic structure was identified. This sometimes, by use of jrallory’s 



.4. B. 


Fig. 5. — A, Mediastinal lymph node. Giant cell with abundant cytoplasm and 
multiple nuclei. Faint longitudinal fibrillae and rows of evenly placed granules lo- 
.sembling embryonic .sarcous elements or striations may also be seen faintly in the 
cytoplasm (Mallory’s phosphotungstic acid hematoxylin, X1250). B, Biopsy revealed 
metastasis to deltoid muscle. Polymorphous character of cells with many oval or 
spindle forms may be noted (hematoxylin and eosin, X250). 

])Iiosphotimgstic-acid Hematoxylin stain, was revealed as very fine, scarcely visible 
longitudinal fibrillae, with more deeply stained granules in dotlike lines. These 
suggested concentration points of embryonal sarcous elements, the striations of 
enibrj-onie muscle cells (Pig. oA). Nuclei of the tumor cells were usually barge, 
hyperchromatic structures, often with finely divided chromatin. This gave some 
nuclei the appearance of a ineshwork of chromatin. Some cells had two or three 
large nuclei. Mitotic figures were fairly numerous. Colls were often undergoing 
retrogressive changes, and in these the nuclei were in a state of karyorrhexis. In 
several portions of the tumor necrosis was advanced. This was especially the case in 
the epieardium. Lymphocytes and polyniorphonuelear neutrophilic leucocytes were 
collected in aggregations, particularly in the epieardium and pericardium, and at 
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the peripliery of iiecrotio portions of the tumor. Vessels of the opicarduun and 
myocardium were often surrounded by tumor cells, and some of them contained cells 
of similar appearance which packed their lumina. J^Ietastatic involvement was 
proved to be present, by microscopic sections, in the right deltoid muscle (two 
specimens for biopsy; Fig. 5B), lungs, liver, suprarenal glands and lymph nodes 
(mediastinal, aortic and mesenteric). In all of these the morphological character- 
istics of the cells were either identical with or similar to those observed in the heart 
and pericardium. The extreme degrees of polymorphism which were disclosed by the 
tumor in the pericardium and myocardium were exhibited less frequently by the 
metastatic growths; liowever, marked variations in size, shape and staining of the 
cells did occur. The metastatic growths in the deltoid muscle, mediastinal lymph 
nodes, and lungs, as in portions of the cardiac tumor, revealed extreme degrees of 
necrosis; however, there were always areas of preserved cells near the periphery of 
the groAvth. In the aortic and mesenteric lymph nodes, and in the suprarenal glands, 
the tumor cells were evidently young and well preserved, and offered excellent op- 
portunity for detailed study of individual cells. In all situations about the tumors, 
the blood vessels appeared to be invaded, and in sections elsewhere, such as in the 
preparations of the leiomyomas of the uterus, tumor cells were often seen jiacking 
the lumina of the vessels. The nodule described in the body of the pancreas proved 
to be an adenoma composed of colls derived from islands of Langerhans. 

The anatomical diagnosis was rhabdomyosarcoma, primary in the heart, with 
metastatic involvement of the pericardium, right deltoid muscle, liver, lungs, supra- 
renal glands, and lymph nodes. 


COMMENT 


Electrocardiography . — The electrocarcliogTaphic findings in this ease, 
in conjunction with the specimen of muscle removed for biopsj, fur- 
nished the key to the correct diagnosis. The sudden appearance of 
complete aurieuloventricular dissociation when previous electrocar- 
diograms had not indicated any disturbance of conduction, suggested 
that the malignant process which had invaded the deltoid muscle had 
also invaded the bundle of Ilis. There tvas no way of knowing, during 
life, that the malignant proces.s was primary in tlie heart. 


The electrocardiogram in the case reported by Willius and Amberg. 
mentioned in the earl}^ part of tliis paper, revealed incomplete bundle- 
branch block of a type indicating involvement of tlie riglit bundle- 
branch (new terminology). This electrocardiographic ehano-e is en- 
tirely consistent witti the fact that the only portion of the luVht ven- 
tricle that was not involved by the tumor was the right anterior por- 
tion of the conus. The ES-T changes present in the tracing could 
easily be explained by the conduction defect in the right biindle- 


Lloyd published the electrocardiogram in a case in which the P-] 
--pone, Hope. "c 

with SgMirme 

mguaus. The tamer m thm case involved the loft am-iole. 
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In the electroeardiogT’am pnblislied by Siegel and Young, the 
T-waves Avcre inverted in ail leads, and the ES-T contours Avere con- 
A^ex in all leads. There Avas no eA'idenee of defects of conduction in the 
tracing. One of us (Barnes) lias seen an almost exact replica of this 
tracing develop a fcAv Aveeks after occlusion of the anterior descending 
branch of the left coronary arteiy complicated by extensiA’^e peri- 
carditis. It is interesting to note that Siegel and Young foiind that 
the tumor involved an area of the left ventricle, corresponding to that 
involved by infarction Avhen the descending branch of the left coro- 
nary arteiy is occluded; but they also recorded immsion of the epi- 
cardium of the posterior surface of the heart by the tumor. This might 
corre.spond to the epicardial iuA’olA’ement observed in the ease of coro- 
nary occlusion just cited as lun'ing been encountered by one of us. 
The ejiicardial iuA’olA’ement also might account for the close similarity 
of the tracings in the tAvo cases. It is our belief that a tumor iiwading 
the left A^entricle, that does not inA'olA’’e either bundle-branch if loeal- 
lized to the anterior apical or the posterior basal portion of that A^en- 
tricle, Avould produce an electrocardiogram Avhich is similar to that 
obtained in the stage of fibi'osis subsequent to acute myocardial in- 
farction. ElcA'ation of the Ica'cI of take-olf of the ES-T segment AA’ould 
not be anticipated from tumorous iiiA'asion of the left A'entricle, for 
the acute cellular and vascular reaction AA'hich folloAvs acute myocar- 
dial infarction is lacking. LikcAvisc, a changing ES-T segment, as 
seen in acute myocardial infarction, Avould not be expected in a tumor 
of the left ventricle, for these ES-T changes in acute infarction are 
associated AA'itli a rapidly changing cellular reaction. This point is 
Avell illustrated in the ease reported by Siegel and Young. 

On the basis of published tracings and on theoretical grounds, it is 
to be anticipated that most of the electrocardiographic changes that 
Avill be observed in cases of tumor of the heart Avill result from neo- 
plastic iiiAmsion of the A^entricles. It is probable that iiiAmsion of the 
conducting systems Avill account for a majority of abnormal electro- 
cardiograms. Because of the much more frequent invasion by tumors 
of the right A^enti’iele than of the left, right bundle-branch defects 
should exceed those of the left bundle-branch. InA^asion of the nmscle 
of the left A^entricle Avithout immlA’cment of the bundle-branches or of 
the pericardium should produce tracings closely similar to those ob- 
tained in the fibrotic stage folloAAung acute m.yocardial infarction. 
luA^asion of the epicardium, either alone or in conjunction AAdth in- 
Amh^ement of the A^entricles, may produce or modif}'’ changes in the 
AvaA’^es.®’ If a patient, knoAAm to liaAm or to liaA^e had a neoplasm, more 
or less suddenly exhibits these eleetrocardiograjAhic changes in the 
absence of any other pathological process in the heart to explain them, 
then they constitute important presumptiA’-e eAudence that the malig- 
nant process has inA'^aded the heart. 



BARNES ET AL. : 


PRIMARY SABCOjMA OF HEART 


489 


Pathologij.—As we have stated preYiotisly, primary sarcoma of the 
heart is a pathological rarity. Perlstein, in 1918, by careM selection, 
admitted thirty cases of this condition from a compilation of ^h® - 

eratnre, and added an additional case. Lymbnrner recently (lJ8d) 
reviewed the literature exhaustively, and was able to collect fifty- 
seven cases. Primary sarcomas of the heart have been designated as 
spindle-celled, giant cell, lymphosarcoma, round-celled sarcoma, 
mixed-cell sarcoma, fibrosarcoma or myxosarcoma, in agreement with 
the histological details presented by the cellular constituents of the 
tumors. Apparently the diagnosis of rhabdomyosarcoma has been 
made only once, this in a case reported by Bradley and Maxwell, in 


1928. 

Primarj'' rhabdomyoma of the heart has been less often diagnosed, 
according to reports in the litei*ature. Of this type of tumor, Lym- 
burner could find onty forty-seven examples, and added another case. 
Primary cardiac rhabdomyomas are considered to be benign tumors, 
in the sense that in none of the examples refen'ed to in the literature 
have metastatic growths been noted, although they have been multiple 
in the heart. Rhabdomyomas predominate in the early years of life. 
Of the 48 cases collected by Lymbnrner, 20 occurred within the first 
year of life, and only 5 between the twentieth and fort 3 ’'-fifth jmars. 
Rhabdomyomas of the heart have a further distinctive characteristic 
ill being associated frequently with functional or anatomical develop- 
mental defects, epilepsy and tuberous sclerosis of the brain being the 
two most common of many such disturbances which have been found. 
It is believed that rhabdomyomas are an expression of abnormal tis- 
sue differentiation, or represent secondary developments from embry- 
onic tissue rests. They present a characteristic microscopic picture, in 
which the large, irregularly processed and vacuolated, so-called “spi- 
der cells, “ and long spindle cells with delicate longitudinal fibrillae 
and cross striae form the essential differential jioints. The cells fre- 
quently contain excess glycogen. 


The relationship which the typical rhabdomyoma of the heart might 
bear to primary sarcoma of the heart is difficult or impossible to ascer- 
tain accurately, since only once has the differentiation in sarcoma 


been consideied sufficient to admit the diagnosis, primarj'' rhabdomyo- 
sarcoma. Prom a more or less superficial survey of the field, it would 
appear that the two types of tumor are distinct, and with possible 
exceptions, it seems improbable that primary sarcoma of the heart 
arises from malignant transformations of a rhabdomyoma Transi- 
tional stages apparently do not exist, for as Lymbumer remarked: 

All reported eases (of rhabdoinyoma) seemed to possess a similar 
mieroscopic appearance, regardle.ss of the age of the patient, and evi- 
dently had obtained their final development in embryonic life Pri- 
mary sarcomas and rhabdomyomas of the heart are further distin- 
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guished in that they appear in different age groups. Although cardiac 
I’habdoinyomas predominate among young people, cardiac sarcomas 
predominate among middle-aged and older people; only two cases 
have been recorded in which the patients were less than twenty years 
of age. Also, primaiy sarcomas are not associated with developmental 
defects, whereas rhabdom3''omas u-sually are. 

In reviewing cases reported in tlie literature, we have found that 
there was one which strikinglj’- resembled the case reported here. The 
case was described bj^ Bradley and Maxwell. Their patient was a man, 
aged sixty-two .years; his clinical history was similar to that recorded 
for our patient. The gross and microscopic appearances of the tumor 
in each case were similar, although not identical. The histological dif- 
ferentiation of the tumor described by Bradley and Maxwell was as a 
polymorphous cell sarcoma with many long spindle cells revealing 
fibrillae and acidophilic cytoplasm. Sections of the tumor were sub- 
mitted by Bradley and Maxwell to Mallory, Ewing and Broders. All 
concurred in the diagnosis of rhabdomyosarcoma. 

We have concluded, as Bradley and Maxwell did in their case, that 
the diagnosis of the tumor in our case should be rhabdom.yosarcoma, 
primary in the heart. In iiroof of this ^ve must necessarily first offer 
evidence that the tumor was of primary cardiac origin. As evidence 
we may cite the clinical history, which gave every indication that the 
patient’s illness from beginning to end was cardiac. Further proof of 
the cardiac origin is offered by the macroscopic findings at necropsy. 
Relatively speaking, although metastasis had occurred, scarcely any 
tumor was found outside the heart and pericardium. The pericardium 
and epicardium were involved throughout, and the right auricle and 
right ventricle were extensively infiltrated. The metastatic areas were 
small and nowhere gave the impression of primary sarcoma. Con- 
versely, the cardiac tumor had no resemblance to metastatic tumors of 
the heart, many examples of which Ave haA'e seen. Microscopic exami- 
nation gives additional eAudence of the primary cardiac nature of the 
tumor, by Avay of its histological differentiation. The cells of the 
tumor Avere extremely poljunorphous ; there Avere manj^ OA^al or long 
spindle forms; the larger cells had abundant acidophilic cjdoplasm; 
in a fcAv cells faint fibrillae and striations Avere observed. Because of 
the extreme degree of malignancy, the cells AAmre usually totall}’’ undif- 
ferentiated. TIoAveA'^er, there Avere some, as indicated, Avhich revealed 
sufficient detail to alloAv identification of the exceedingly^ suggestiA^e 
fibrillae and striations. These could hardly be expected to be so 
clearly defined as in the sloAidy groAving rhabdomyomas, because of 
the high degree of malignancy of the tumor. The summation of this 
eAudence, Ave belieAm, Avarrants the conclusion, as preAuously stated. 

•Dr. H. E. Robertson and Dr. A. C. Broders liave re^-iewed tbe sections of this 
tumor and have concurred in the diagnosis of riiabdomyosarconia. 
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SmiMAKY 

A case is presented in Avhich a diagnosis oi: tumor of the heart was 
made during life. The electrocardiographic abnormalities that liave 
been reported. in eases of cardiac tumor are reviewed; in our case, the 
eleetrocardiogTaphic changes observed were important in establishing 
the diagnosis. Careful study of the pathological changes in our case, 
we believe, permits the conclusion that the tumor was a rhabdomyo- 
sarcoma, primary in the heart. 
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RUPTURE OP NORMAL CIIORDAE TENDINEAE OF THE 

MITRAL VALVE^= 


Channing Frothingham, M.D., and George M. Hass, M.D. 

Boston, Mass. 

R upture of one or more chordae tendineae of the lieart may oc- 
cur following infectious lesions in endocarditis or because of 
lesions of papillaiy muscles. These are the only responsible conditions 
recorded by White^ and by Vaquez- in their comprehensive reviews of 
the literature. If rupture of chordae tendineae under other circum- 
stances has been reported, diligent searchers have not brought it to 
light. It seems obligatory, therefore, to report a ease, probably’' 
unique, of rupture of the chordae tendineae in which no disease of 
these structures or of the papillary muscles could be found. In this 
ease there was calcification in a part of the mitral valve to which the 
ruptured chordae tendineae were attached. The possible relationship 
between this calcification and tlie rupture will be discussed later, but 
the chordae tendineae at the site of the rupture appeared to be normal. 

CASE REPORT 

The patient (Medical nuinber 41737), was a man si-xty-five years of age. He came 
to autopsy on April 9, 1933, having been ill in bed since the preceding August. The 
first weeks of Ms illness were spent at St. Luke's IlosiJital in New Bedford and the 
later months at the Peter Bent Brigham Hospital in Boston. So far as the present 
problem is concerned, his family history was unimportant. The following data are all 
that could be collected about his past cardiac history. He had rowed in college 
for four years on the varsity crew and it may be assumed that his heart was not 
remarkable during that period as there was then a irhysician who examined the 
athletes. When he was forty-six years old, an excellent physician made a note that 
his heart was "negative excepting for soft first sounds.” When he was about sixty- 
three years of age, another excellent physician examined liis heart and found no 
murmurs. Por the year preceding his final illness he was reported as saj-ing that 
he became somewhat short of breath on exertion so that he could not swim or row 
so far as formerly. He also said that he had had some cough for the past two 
years without apparent cause. Otherwise his past history was unimportant. He 
was a man of excellent habits, and he kept himself physicallj' in good condition 
and did not become overweight. There was no history of syphilis, and the Wasser- 
mann reaction of the blood serum was negative. 

His present illness began with an attack of shortness of breath which awakened 
him from sleep about two o 'clock on the morning of August 7, 1932. On the after- 
noon before, he had rowed a boat for over an hour against wind and unfavorable 
tide. He did not overexert himself and expei'ienced no dyspnea or weakness. After 
the row he went swimming and after that walked up a steep hill to his home. So 


•From the Medical Service and Pathological Service of the Peter Bent Brigham 
Hospital, Boston. 
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far as can be ascertained lie did not experience any discomfort during that evening 
and n-ent to bed nithont suspicion of anything unusual in bis physical condition. 
Wlien seen by Dr. Eusscll Wood of New Bedford about three o’clock in tlie inormng 
ho u-as cyanotic and markedly dyspncic. He had pulmonary edema and tachycardia. 
Under morphine and atropine ho improved rapidly and had several hours’ sleep. 
The dyspnea ivitli pronounced orthopnea continued. On August 32, 1932, he entered 
St. Luke’s Hospital in New Bedford. At this time the physical examination^ in 
addition to the orthopnea, and cardiac abnormalities .showed a few scattered rales 
ill the chest and slight edema, of the ankles. The heart appeared somewhat enlarged 
to percussion. No thrills ivcre felt. The first sound all over the precordia was 
replaced by a harsh systolic murmur. No diastolic murmurs were heard. The 
rhythm was normal and the rate slightly accelerated. Tiic blood pressure was 
135 systolic over 85 diastolic. What his blood pressure had been before this upset 
could not be ascertained. The routine clinical pathology was essentially negative. 
An electrocardiogram taken on August 24, after he had been taking digitalis is 
reported as showing “heart muscle weakness and digitalis effect.” One of the 
authors (C. D.) saw him on August 26, at which time the conditions wore practically 
the same as described above. The amount of dyspnea and orthopnea seemed ont 
of proportion to the slight amount of edema, of the legs and over the sacrum. 
Furthermore, the edema, liad been gradimlly increasing, so that it seemed reasonable 
to believe that some sudden injury to the licart had occurred, and in consequence 
cardiac decompensation was gradually developing. The possibility of a coronary 
occlusion without pain was seriously considered, although the nnusually harsh systolic 
murmur could not bo accounted for oii tlii.': basis. Others thought that there had 
been gradually inereasiug myocardial weakne.ss wliicli had been suddenly accentuated 
by the strenuous day preceding the upset. When soon next by one of llie autlior.s 
(C. F.) on September 3, conditions were practically tlio same excc]it that the 
edema of the logs and over the sacrum was more pronounced. 

For the remainder of his stay at St. Luke’s Hospital the evideuce of cardiac 
decompensation increased slightly despite excellent cooperation on the patient’s 
part and careful nursing. On September 21, lie entered the Peter Bent Brigliam 
Hospital, where he remained until his death from a terminal bronehopneumonia on 
April 9, 1933. The outstanding features of the case during his stay of over six 
months at the Brigham Hospital were the attempts to develop cardiac compensation 
and the gradually increasing psychosis. He was practically afebrile during his 
stay ill the Brigham Ho.spit.al except for a. few day.s in .Tanuary and during the 
terminal infection. His pulse showed a regular rhythm and usually ranged between 
80 and 90 beats per minute. Barely it reached 110 beats per inimitc, and often 
it ranged between 70 and SO. Bespirations were usually about 20 per minute. Oc- 
casionally they went up to 2.5 but often wore about 1.5. ' 

By the end of September the edema of the legs and over the sacrum had in- 
creased; ascites u-as present and hydrothorax existed on both sides. The liver was 
also easily palpable, three fnigerbreadths below the right costal margin Late in 
September Cheyne-Stokes breathing developed and continued until his death He 
ako I,ee.an to bo aiaoricotc.l .at aigl.t Despite CKeelloat tespoases to Iheoci,', .and 
lata- saljTgan tl.e dropsy cm, Id be only tomporaiily relieved aad tbc liver ren.aiacd 
mlateed. He Btad,, ally improved In regard to orlbopne.a so tbal he was able to lie 
back ,v,lb ewly three p.lloivs at tbaes. Hoirever, it e.uld pot bo said lb, , 
errea a„ 0 „ ever beeamc reestablisbed to ponaal. The systolie bieo.l pressure duti a 

the heart tvbeu the 

murmurs ever developed and the systolic .„„’„„„r vomailed "b‘ IZl 
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Tlie patient’s mental condition during these six and one-half months ranged 
from normal to moderate disorientation and irrationality and then to almost active 
mania. 

Tn the months of February and March he liad a few convulsive attacks, the cause 
for which was not clear, followed by no sequelae. Because of a corneal scar only 
one eyeground was visible, but this appeared to be normal. In April he developed 
a bronchopneumonia to which lie succumbed in a few days. 

The autopsy was performed by one of the authors (G. IT.) two and one-half hours 
after the patient’s death. The anatomical diagnoses are as follows: nopiured 
chordae tendineae of pocierior milral cuap (healed) ; caloificaiion of anmdus fihros-u.t 
of mitral valve (posterior cusp); cardiac, dilatation; hydrothorax; ascites; chronic 
passive eovgestion- of viscera.; arteriosclerosis (slight, generalised); hroncho- 
pnenmonia (immediate eaitse of death) ; plcnritis (serofibrinous) ; hyaliiiization of 
islets of Langerhans ; cirrhosis of liver; cnccphalomalacia (focal). 

As the most important lesions were in the heart, the description of that will be 
given first. 

Heart — Gross Appearance . — In the ])ericardial cavity there were 20 c.c. of clear 
fluid. The heart, as it lay in situ, was dilated. The right auricle and right ven- 
tricle were greatly distended. The left auricle was much less prominent than the 
right. The left ventricle was relatively contracted. The coronary arteries were 
neither unusually tortuous nor thick walled. The heart weighed 360 grams. The 
measurements of the circumference of three valvular orifices were as follows; 
tricuspid, 14 cm. ; pulmonary, 8 cm. ; and aortic, 7.5 cm. The cusps, chordae tendineae 
and papillary muscles of these valves were essentially normal. 

The mitral valve and its aiuiulus fibrosus, chordae tendineae and papillary muscles 
were the seat of the only significant pathological changes in the heart. The orifice 
easily admitted the passage of two fingcr.s. When viewed from the auricular side, 
it was noted that the middle three-fifths of the posterior cusp bulged upward into the 
mitral opening. The valve ring was not disturbed, and tlie left venti-iele was care- 
fully opened by a lateral incision which was carried through the ventricular wall 
between the anterior and posterior groups of irapillary muscles. As was suspected, 
the middle one-third of the posterior cusp was almost entirely free from its attach- 
ments to the pa])illary muscles. Four ruptured chordae tendineae were found. The 
distal portions were traced for distances of from 2 to 10 mm. to points where they 
branched into fibrous cords, which were attached either to the free margin or to 
the ventricular surface of the middle one-third of the posterior cusp. The i^roximal 
portions of the four ruptured chordae were from 2 to 10 mm. in length. Three were 
attached to the posterior group of papillary muscles and one to the anterior group. 
The free ends were tapered smooth and rounded. The remnants of the chordae were 
slightly contracted and atrophic. There were no apparent gross defects in the struc- 
ture of either the chordae which had ruptured or those which had jireserved their 
usual continuity. Except for slight atrophy of the muscvilature adjacent to the 
attachment of the ruptured chordae tendineae, the papillary muscles were normal. 
Although there was slight bluntness of the free margin of the middle portion of the 
posterior cusp, the cusps of the mitral valve were essentiall}' normal. There was 
no evidence of either a. healed or active endocarditis involving the valve leaflets or 
chordae tendineae. However, in the annulus fibrosus there were irregular masses 
of calcium which extended for from 1 to mm. into the substance, of the valve at 
its attachment. Of greatest significance was the restriction of these calcific deposits 
to the annulus fibrosis of the posterior cusp, especially at the attachment of that 
portion of the leaflet which was affected by the rupture of the chordae tendineae. 

The musculature of the left ventricle was from 15 to 17 mm. in thickness and 
that of the right ventricle 4 mm. Numerous incisions disclosed no pathological 



. .r. -.TA^c:- imtPTUKE of cnOHDAK TENDINEAE 
PROTHINGIIAjM and UAbb. IWI lUKU 


495 


slielitly thicker than normal. 

Chordae Teudineae: -Serial sections were made through three of the ruptured 
ehoKlae and several of the adjacent intact chordae teudineae. It n-as concluded a er 



Fig-. 1. — Photograph illustrating rupturctl chordae tendineae of posterior cusp of 
mitral valve and the irregularity at the attachment of the cusp produced by calcifica- 
tion in the annulus fibrosus. 


a histological study of the former that the duration of time since the rupture liad 
been sufficient to permit repair of the broken ends. In the tissue adjacent to the 
points at -which the chordae tendineae parted there -was no inflammatory reaction or 
apparent preexisting defect in the structure. Neither were there vegetations. TJie 
tissue was composed of dense as well as loose-textured avascular collagen in which 
stellate and fusiform connective tissue cells were imbedded. Covering the surface 
of each chorda, even at the point of separation, there was a layer of endothelial 
cells. The histology of the intact chordae, which were cut in serial sections for the 
purpose of making control studies, differed from that of the ruptured chordae 
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tendineae in that the collagen fibrils were arranged in normal, compact, straiglit, 
parallel bundles •which were of uniform texture. 

Papillary Muscles: Sections through the papillar}' muscles at the origins of the 
ruptured chordae tendineae were e.ssentially negative except for slight atrophy of the 
muscle fibers. 

Other Organs — Gross Appearance. — The remaining organs on gross inspection 
showed a few clianges worthy of mention. There was evidence of congestion, edema 
and bronchopneumonia in each lung. In the right pleural cavity there were 1,050 
c.c. and in the left 450 c.c. of slightlj' turbid fluid, which contained a few flahes 
of fibrin; 100 c.c. of clear watery fluid were found in tlie peritoneal cavity. The 
liver weighed 1,S70 grams and had a slightly thickened irregular capsule. The 
parenchyma had the typical mottled ajipearance of a "nutmeg” liver and a mild 
cirrhosis, both of which were the result of clironic passive congestion. The spleen 
weighed 220 grams. There was moderate engorgement but no increase in the amount 
of stroma. 

The right kidney weighed 200 grams and .the left kidney 180 grams. The cortical 
substance measured from 5 to G mm. in thickness, and except for small scattered 
subcapsular scars, the parcnchym.a of each organ was normal. The pancreas, 
adrenals, thyroid, prostate and pituitary were normal. The aorta retained much of 
its elasticity, and there was only slight atherosclerosis. A study of the brain re- 
vealed large pacchionian granulations, slight fibrous thickening of the pia-arachnoid, 
and a small area of softening (2 mm. x 3 mm.) in the left globus pallidus. The 
lumen of the left lateral sinus was very small. 

Microscopic Shuly of Other Organs. — ^Lungs: The principal variations from 
normal histology may be attributed to chronic passive congestion and an acute 
bronchopneumonia. In many alveolar spaces there were aggregates of mononuclear 
leucocytes. The majority of these were heavily laden with hemosiderin. The inter- 
alveolar septums n-ere doubled in thickne.ss. This was duo, not only to distention of 
capillaries, but also to edema and fibrosis of the stroma. Although an increase in 
the amoiint of collagen was most prominent in tlie alveolar walls, it was also ap- 
parent elsewhere, especially in the stroma 'wliich sui)portcd small and medium-sized 
blood vessels. This contributed in part to the increased thickness of the walls of 
veins and arteries. This thickening was due not only to the presence of an unusual 
amount of collagen in the adventitia, but also to a deposition of similar material 
in the media and intima. This was especially i^rominent in the walls of arteries, 
for in these vessels the intima was tliickened, aiid the smooth muscle was scanty or 
fragmented. An exudate composed largely of fibrin and polymorphonuclear leuco- 
cytes in several alveolar spaces and res 2 >iratory passages was the only other 
significant finding. 

Liver: There were moderate changes which were the result of chronic passive 
congestion. The central veins, the sinusoidal chajinels and es^Jecially the veins in 
the portal areas were engorged. There was an increase in connective tissue, prin- 
cipally in the portion of the liver which was adjacent to the capsule. The fibrosis 
was present not only around central veins and .adjacent sinusoids but also around 
the portal structures. The cytoplasm of a few liver cells contained vacuoles which 
were indicative of a slight degree of fatty metamorphosis. 

Spleen: There was moderate hyperjilastic sclerosis of the artei'ioles, dilatation of 
'the sinusoidal spaces, and a slight increase in the amount of connective tissue in 
the trabecula and between the sinusoids. 



PROTHINGnA:M AND UASS: 


KUD'J'UKH OF CMOKDAK TPNDINKAK 


497 


Kidneys: The i.athologicnl fc:itiu-cs were not of imi)orl!ineo. Ilynlme thichening 
of capillary loops of glontcnili and hyperplastic sclerosis of arterioles were foun 
in the small scattered radial subcapsular cicatrices. These nnld changes were con- 
sidered to be of arteriosclerotic origin. 


Pancreas: There was a prominent acenmulation of pale^ homogcnoou.s or slightlj 
granular, acidophilic hyaline material beneath the endothelium of the capillaric.s of 
the islets of Langerhans. Although the distrilmtion of this substance was relatively 
uniform, in many islets it was oi suflicient amount to obliterate the ;ilpba and beta 
cells. Occasional aiioriolc.s .showed slight mural hyalinization. 

Adrenals: The adrenal eortex and modnlla were negative. In the periadrenal 
tissues there was atrophy of fat, ('deimi of fil)ro-:\di]msc tissue, :uid moderate 
hyperplastic sclerosis of artrriolc.s. 

Thyroid: The histology was that of a normal gland. 

Prostate: A slight hy)H'rj»l:isi:i with ehronie jirostatitis and attendant fiiirosis 
constituted flic only findings. 


Pituitary: The pars anterior was negative. In the ])ar,s inti'rmedia there was 
a pale, homogeneous or slightly granular material wliich was located in tlie walls 
of capillaries. This deposit closely resembled that wbi'di was described in the islet.s 
of the iiancrcus. Small chistor.s of bn.sophilie cells were found in tlie pars nervosa 
adjacent to the pars intennedia. 

Aorta: There v.ere very slight variations from normal liistology, Tl\e fibrils 
of tbo intinia were increased in number and tiiichness. Ocensionaliy tbey were 
hyalinizod, fragmented, :'.nd rei)iaced l)y minnie dcjiosits of lijntid. 

Brain: Except for a slight iacre:ise in the amonnt of connectivt' tissu<‘ of tlie 
pia-araclmoid and sc:itteved minute lesions of .arteriosclerotic origin, tlie brain was 
negative. Tlie increa.se in collag-ai in Ihc leptomeninges was no greater tliaii that 
wliich is common in individuals of :tdvanccd age. Around blood vessels in tlie 
cerebrum, just bcucatli tlie gray matter of the cortex, there were occasional ac- 
cumulations of lymplioeytcs and monomiclcar leucocytes. In the Intter there were 
yellow nia.sscs of ])igment, which, inasmuch as it did not give the iron reaction, was 
considered to be a lipooliromo pigment. In the glotius pallidus there was an area 
of enceplialonuilacia (2 mm. x 3 mm.). This was characterized by local sclerosis of 
arteries, degeneration of neural elements, gliosis and accumulations of vacuolated 
macropliagcs. 


DISCUSSION 


The lesions in liu* brain found at autojmy seonu'd liardly suffieienl 
to cause the patient’s mental disturbance, and it seems fair to say that 
thi.s was a psj'chosis due to cardiac decompensatioii. The cirrhotic 
chaiige.s in the liver were presumably associated with the couliuucd 
passive cougestiou. The histology of the ]e.siou.s iu the lungs due to 
passive congestion was of intere.st because iu this case the events de- 
termined the duration of the passive congestion. 

The fact that tbe w’eigbt of tlie lieart was within normal limits 
shows that no appreciable liypertrophy could liave existed before the 
sudden onset of his symptoms, especially as there liad been time for 
some liyim,rtropby during the long final illness. Tins fact taken to- 
gether with the report on the appearance of the myocardium iustifios 
tl>e ass™pt.0« that the heart traa i,. a aatisfaclory eommion before 
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the onset of ae,ute symptoms. T]ie strennous activity wJiicli he carried 
out on the day before the onset of his iJiness also supports the view 
that the heart Avas in fi'ood condition and that tlie slight symptoms of 
eirculatoiy disturbance Avhich lun’-e been mentioned in his past his- 
tory Avere of no practical importance. The AA^eight of the heart also 
justifies the assumption that he did not have an eleA'ated blood pres- 
sure preAUous to his final illness that had persisted long enough to 
affect his heart. Therefore it seems reasonable to consider that the 
onset of the cardiac symptoms Avas associated Avith the rupture of the 
chordae tendineae and the subsequent incompetency of the mitral 
valve. The systolic murmur must have been caused by this incompe- 
tency. What little eA'idence there is points to its absence before his 
last illne.ss. It is impo.ssiblc to decide just Avhen the chordae tendineae 
ruptured, but speculation on this point is interesting. It Avould be 
natural for them to rupture during exertion, since the rupture seemed 
to be purel.y a mechanical one and not dependent upon disease of the 
bands. Yet in aucav of the jAronounced cardiac symjAtoms AAdiich de- 
A’^eloped rapidly and persisted, it Avould seem as though the onset of 
the symptoms must have been intimately associated in time AA'ith the 
development of the ineompetency of the mitral valve. If such aa'rs the 
case, this incompetency must liaA'e dcA-eloped during sleep and the 
rupture of the chordae occurred then rather than during the exertions 
of the aftei’uoon before. Possibly some of the chordae might have 
ruptured during the exertions of the afternoon and the rupture of the 
ones AA'hich caused the ineompetency of the mitral valve happened 
later from the unusual strain impo.sed uj)on them by the rupture of 
one or more during the exertion. 

The histological study .shoAA^s that there Avas no acute disease of the 
ruptured chordae and that except for the rupture and subsequent con- 
traction and atrophy they appeai'ed normal. It also shoAAmd that the 
papillai’y muscles to AAdiich they AA'ere attached Avere not diseased. 
Apparently, therefore, the rupture Avas purely a mechanical one, and 
it hardly seems that a congenital defect Avould be a factor in a man 
sixty-four years of age. As described aboA’e, in the leaflet of the mitral 
Amlve to AAdiich the ruptured chordae Avere attached there Avas a calci- 
fied area at the base, and it seems only reasonable to assume that this 
calcification may have been a factor in the mechanics AAdiich caused the 
rupture. Up to noAA", hGAA’^eAmr, reports of rupture of normal chordae 
tendineae Avliich are attached to diseased, distorted or calcified AmUes 
liaA^e not been found, and one might take the attitude that this calcifi- 
cation AA^as not a factor in the rupture in this case. Whether or not it 
Aims a factor, the unique condition existed of a rupture of seAmral 
normal chordae tendineae attached to one cusp of the mitral Amhm 
AAdth resulting ineompetency of the mitral AmUe. This patient’s heart 
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was unable to adjust itself to l.he lesion so tliat a satisfactory circu- 
lation could be reestablislied. It is interesting to note Ibat prolonged 
cardiac decompensation can result in pure dilalalion of <bc heart with- 
out increase in weight suggesting hypertrophy. 
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R I'X'K.X'ri.Y. (til till' li.isiX (if pn'.snri' I’tirvi-s ricdidi d t»y i.pticji! 

iiK'tliiMK ill the Vinidiis cii.'itiilii'r.K nf flic licjsrt nnd in lao,"' vc.ss!*!'^, 
WL'jri r.s-' - luis shtiu’ii that the (tiii'.tii|*' df the iicart can he siildividi'd 
into I't nuiuhcf nf phasi s; la) the iicrind nf , (iiirint.' \ihicli 

the scniihuuir valve-, arc dosiiu;: (hi the (MDinfMc ithtjn(ii‘n p!>ii^>\ 
(huitiLr which the hi'art is lelaxini,' uith'iitt ehanr'e in ifs chatiiher aoI- 
lime, tile vjth'es heiiii,' cldM il ; 1 1". the jieriml Ilf ritpl'i i.'i/h/ie fnllowiiie 
the (ipeiiiiit! Ilf the A-\' valves during which the relaxinu' heart tills- 
rapidly frnm the aiirieh s; <<i i tin- peri, id nf diirim: which the 

Ventricle tills marc '-hiwly; ainl tinall^-, (»•'; the period of luirinthtr 
siistnlr ill which the auricles eiintrihiite to the tilline of the heart a.s it 
is activated. In his studies Wiifeei's^- - nas ahh- to di'iiiie the durations 
of these phases in doys. and in his hihoratory i’.nrstein' was aide to 
estahlish the durations in man. Aside from some s'atfered oh.serva' 
tions on auricular systole, there are no further data dealint.' with this 
.suhjeet. An attempt was made in the present iiivesiioatioM to deter- 
mine the duration (d* these fdiasi-.s in man with normal and ahnormal 
hearts. It was felt that such a stmly niiirht eontrihnte to an ('valua- 
tion (d’ the distnrhaiiees in dynamics which various types of heart 
disiase mi''ht cause. In man it is difliciilt to arrive at the nature of 
the iillino- process in any other way. It was thouirlit that a correlation 
of such measurements with the dynamic ehaiioes established by study 
in acute animal e.vperimenls mitrlit permit tiu' transference of data 
derived from animal c.sjierimenfs more directly to man. 

I'Koctau'ifi; 

In the present study lo normal subjects and do patients with various 
types of heart disease w(*re studied. 'I'liese patii'iits with abmirmal 
hearts wen* divided into the fidlowinpr t^roups: (a) those in which 
»ii/ral }i{( iirisis was the jiredoiiiinant lesion and in which there was a 
sinus rhythm; (b) those in which anrlic irifurr/iluttoii was the predomi- 
nant lesion and in which there was a sinus rhythm; (c) those in which 

•From tin- HivuI stjitlon loiil CanUiivii.iciilnr I..-il!on>toiy of tin- Department of 
I’liysloIOR'y, Mlchiicl Ucc.si- Ho.ipital, Chicaan. 

tAUlod by tin- Fr.ati rick K, Jlab.-mn l-'iiml and tin' Itmll jukI I’anny Wclolc.-i Ftmd 
for the Study and tnvc.-ttlcatlon of 1 )l.-.cn.“i'.i of tin- Heart and CIrcnIatlon. of the 
^Ilchaol noo.io Ilo.iplial. 

non 
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there was a eomhhiotion ot these tAvo lesions ami a 
those with myocarMaUlamarn and sinus rhythm hut no '1' _ ‘ 

disease, and (e) those with dar.ealar fMU<.Uon ^ 

cardiac involvement. Two eases ot Group b were shown to bt 
plicated aortic regurgitation at aiitojisy. 

All the subjects were brought to the liearf. station and j^laeecl in a 
prone or semipronc position. Simultaneous subclavian arterial and 
venous pulse tracings were obtained, usually with Lead 11 oI the e lee- 
trocardiogram. In some eases heart sounds wore also recorded, ihe 
records Averc taken on film, using Wiggers’ modification oi; the Fran c 
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Figr. 1. — SimuUtineoii.s reconl.s of tlio pul.ses in tin.' Hubcltivian void (upiier) ainl 
artei-j’ (lower) showins the points vi.scd to deane tl-.q dlffeienl phnse.s of uv.stole and 
diastole. A to B, Isometric contraction pliaso ; II to C, .svstolic ejection pliasc ; / to 2, 
protodiastole; 2 to 3, isometric relaxation phase; .1 to ], rapid ir.llow iilmsc' .} to .1, 
diastasis ; 5 to G, auricular .systole. 

Fig. 2. — Five .samples of subclavian venous pul.ses .slmwing .some of its typical form.s. 


segment capsule" and the double-.slit lamp of Katz and Baker,' Avilli a 
point-o-lite bulb as a light source. Care Avas laken to avoid parallax 
(cf. ICatz and Baker'). The patient held his breath Avhile the record 
Avas taken in order to aAmid distortion AA'hich might be produced by 
movement of the neck accompanjdng breathing. The other jireeau- 
tions utilized by Wiggers'^ Avere folloAimd in taking these records. No 
attempt was made to quantitate the amplitude of the defied ion Avliieh 
depends in these records on the degree, of pre.ssure applied on the 




502 


THE AMERICAN HEART .lOHRNAI 


tambour, on tlie sensitivity of the recording- system, on the proximity 
of the blood vessels to tlie tambour and on other factors. This in- 
ability to quantitate the amplitude did not interfere with the meas- 
urements of phasic durations, Tlie jirocedure used in measuring tlie 
durations was similar to that established by Wiggers and employed 
by Burstein; it is shown in Fig. 1. It. Avill be seen that the diastolic 
phases are measured primarily from the venous inilse and therefore 
give the duration of events in the right heart, the only exceptions 
being; (1) that protodiastole which is determined by the subclavian 
arterial pulse is a left-sided event ; and (2) that the beginning of ven- 
tricular systole, and therefore the end of auricular s.vstole. is deter- 
mined by the left ventricle. Since. Katz-' has shown that the beginning 
and end of systole are not synchronous in the two ventricles, an un- 
avoidable error is introduced in the determination of the phases oi 
auricular systole and isometric relaxation of the right heart. The 
durations of the systolic jihases which are measured from the arterial 
pulse are those of the left ventricle. We have found, in agreement 
with Wiggers," that the contour of the subclavian venous pulse is 
A’ariable, particularly in the variations introduced by the “systolic 
impact wave.” In Fig. 2 are shown a few examples of the variability 
in contour encountered. With a little practice, however, and by cor- 
relating the venous pulse with the arterial pulse, no difficulty is en- 
countered in defining the various diastolic phases. Only those records 
were used in this .study in which the various jihases could be clearly 
identified. The measurements could be made Avith an error of ±0.01 see. 

RESULTS 

A total of approximately 1,750 heart cycles Avere anal.A'zed, using 
from 8 to 50 beats in each patient. The data thus obtained Avere 
handled in tAvo Avays; In the fir.st place, the possible effect of cycle 
length on the different phases of diastole in the various types of eases 
studied Avas determined by charting the phase/ cycle ratio as .shoAvn in 
Fig. 3, in AAdiich the ordinates giA'e the duration of the phases in sec- 
onds and the abscissae the diu'ation of the e.A'-cle length in seconds for 
each group of cases. In this Avay the effect of the lesion itself could 
be distinguished from the effect of cycle length. In order correctly to 
correlate the duration of these phases Avith the length of the heart 
cycle, the latter AAms measured from the beginning of one incisura to 
the next. This, the Avork of Wiggers and Katz has .shoAAm, is the 
proper Avay of analyzing the effect of heart rate on the phases of the 
cardiac cycle. 

In the second place, a summary table, Table I, Avas made shoAving 
the extreme and predominant ranges and the commonest duration of 
each of these phases in the various types of heai-t diseases. To facili- 
tate comparisons the measurements in the range of cycle length of 
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;,ontal lines separating the different phases in each group o£ cases 
A comparison was also made of the relation of the durations of the 
entire yentricular systole and the entire diastole to cycle length m 
each type of case. The results are asseniWed in Fig. i, in which the 
lines represent means of the plotted points in each type of case rep- 
resented. 


mSHTTSSTON 


An analysis of these tables and charts led ns to the following sum- 
mary of results : 

Protodiastole was remarkably constant in duration and did not vary 
with cycle length. It was within the normal limits in most of the 
pathological conditions encountered. However, the cases with aortic 



Fig. 4. — The lines represent the relation of the mean values of total ventricular 
systole (lower curves) ana total ventricular diastole (upper curves) to cycle length. 
Abscissae represent cycle length in seconds — ordinates, the duration of systole and 
diastole m seconds. N is the mean of the group of normal hearts; ilf.S., that of the 
group with mitral stenosis; A.R., the group with aortic regurgitation; A.F., the group 
)^'^“®dlai’ fibrillation; and the miscellaneous group. (See the classification in 

regurgitation, nncomplicated or complicated, showed a conspicuous 
lengthening of this phase. 

The isometric relaxation phase was not greatly influenced by cycle 
length. The variation in the duration of this phase was greater than 
normal in eases of auricular fibrillation, a variation which was appar- 
ently not dependent upon cycle length. It was eon.sistently shortened 
in cases of aortic regurgitation. 

The rapid inflow phase did not vary with cycle length. Its duration 
was relatively shorter than normal in alJ IIh; pathological tyiies of 
cases except in auricular fibrillation. In auricular fibrillation the 
scatter of indmdnal determinations was more marked than in normal 
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Diastasis was the one phase which varied directly witli cycle length 
in every group of cases. This is brought out most eleaid.y in the group 
of cases of auricular fibrillation Avhere the greatest variation in cycle 
length Avas encountered. Some of these patients Avere digitalized, 
AAdiich may account for the extremel.y long diastolic phases found. 
lioAvever, the scatter Aims greater in auricular fibrillation than in the 
normals. In the other types of pathological cases the duration of 
diastasis Avas relatively shorter than normal. 

Auricular systole shoAi'ed no variation Avith cycle length. It tended 
to be longer than normal in the aortic regurgitation cases. Obviously, 
this phase Aims absent in eases of auricular fibrillation. 

As had been already established by previous AA^orkers, both the total 
sj^stole and the total diastole A'aiy AAuth the cycle length, the former 
shoAving less change than the latter. Exce2)t for auricular fibrillation 
it Avas found that the duration of .systole Avas longer and the duration 
of diastole shorter in the abnormal cases than in the normal at the 
same c.ycle lengths. The auricular fibrillation cases, hoAvever, in con- 
firmation of the observations of Katz and Feil," shoAA'ed a total systole 
shorter than normal and a lengthened total diastole (longer than nor- 
mal at the same cycle length). 


Tabi.e III 


CO.MPAR.\TIVE TaIILE OF PHASE DURATIONS IN Is'OU.MAL HEARTS 




OUR FINDINGS 
15 CASES 
38C CYCLES 

FINDINGS OF 

AVIGGERS 

AND ASSOCIATES 

DIASTOLIC PHASES 


SECONDS 

(BURSTEIN) SECONDS 

Protocliastole 

Complete range 
Predominant range 
Commonest duration 

0.04-0.0G 

0.04 

0.04 

0.016-0.060 

0.030-0.050 

0.038 

Isometric 

Eelaxatioii 

Complete range 
Predominant range 
Commonest duration 

0.04-0.20 

0.08-0.14 

0.08-0.12 

0.037-0.130 

0.060-0.000 

0.076 

Bapid InfloAV 

Complete range 
Predominant range 
Commonest duration 

0.04-0.26 

0.08-0.16 

0.08-0.16 

0.055-0.173 

0.090-0.130 

0.113 

Diastasis 

Complete range 
Predominant range 
Commonest duration 

0.00-0.44 

0.08-0.28 

0.08-0.24 

0.080-0.708 

(Wiggers) 

0.163 

Auricular 

Systole 

Complete range 
Predominant range 
Commonest duration 

0.08-0.24 

0.12-0.18 

0.12-0.16 

(AViggers) 

0.110 


In general our findings on the duration of the diastolic phases in 
normal eases agree fairly Avell Avith those giA^en by Wiggers and by 
Burstein for man, as the comparison summarized in Table III Avill 
shoAv. They, hoAveA^er, haA’^e reported aA’-erages, AAdiile Ave liaA’-e reported 
the range of commonest durations; hence our dru’ations for the vari- 
ous phases tend to be somcAvhat longer than those they giA>-e. 
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SUMMARY 

We have measui’ed the duration of each of the separate phases in 
approximately 1,750 cardiac cycles in 50 subjects, 15 of whom had nor- 
mal hearts, the remaining 35 having some type of cardiac lesion. The 
diastolic phase durations in these different types of lesion have been 
tabulated and anatyzed. These findings may be summarized as follows : 

1. In auricular fibi'illation total systole was found to be definitely 
shorter and total diastole definitely longer than in normal cases at the 
same cjmle lengths. In all the other pathological types total systole 
was longer and total diastole shorter than in normal cases at the same 
cycle lengths. 

2. In digitalized cases of auricular fibrillation the isometric relaxa- 
tion and the rapid inflow phases tended to be prolonged. 

3. In aortic regurgitation, protodiastole tended to be prolonged, iso- 
metric relaxation to be shox-tened, and aui'ieular systole to be slightly 
prolonged in comparison to the duration of these phases in normal 
hearts. 

We are grateful to Dr. Louis N. Katz at whose suggestion and under whose 
guidance this research was undertaken, for his advice and criticism. 
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THE PRECOBDIAL LEAD J.N 104 NORMAL ADULTS" 

Arthur II. Master, M.D. 

New York, N. Y. 


•^HE use of the preeordialf (“chest” or “foru-th”) lead iu the diag- 
i nosis of heart disease is rapidty iuereasing. Before clinical appli- 
cation of the precordial lead readings can he of value, it is necessary 
to have tracings of normal people as controls. Katz and KissiiP have 
published the ineasureineuts from records of 25 individuals, but a 
larger number is necessary before importance can be attached to the 
findings. These investigators placed their patients on the left side 
when taking the chest lead, but there is an objection to this iirocedure, 
as such a movement may shift and rotate the heart and hence change 


the electrocardiographic picture. 

The 104 individuals whose records are reported in this paper were 
carefully examined at Cornell University Medical College in the years 
1926, 27, 28. At that time the three standard leads of the electro- 
cardiogram, and also anteroposterior and transverse chest leads were 
taken. Everything possible was done to make certain that the indi- 
viduals were noimial. They had no complaints; physical examination 
was negative; blood pressure tests, urine examinations, teleroentgeno- 
grams, electrocardiograms, exercise tolerance tests were all normal. 

The series consisted of 26 women ranging in age from twenty-eight 
to sixty-five years, the average age being forty years, and 78 men 
from twenty-seven to seventy-four years old, the average age being 
forty-four years. In other words, it was a series comprised of normal 
adults. 


The anterior electrode was placed near the lower end of the sternum, 
about the level of the apex of the heart and slightly to the left of the 
midline. The form of the electrocardiogram changed very little when 
this electrode was moved from the middle of the sternum to the region 
of the apex but not hejmnd. The posterior electrode was located on 
the back over the vertebral column at about the same level as the 
anterior or slightly higher. To the anterior electrode the wire from 
the right arm terminal of the galvanometer and to the posterior elec- 
trode the wire from the left arm terminal of the gah-anometer were 


*Frotn tHe Eepavtinent of Medicine, 
tThe expression "precordial" lead 1< 
or fourth or anteroposterior lead. 


Cornell University Medical College. 

used In this papej- synonymously with clie-st 
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CHARACTERISTICS OE THE NOR^IAT. PRECORDIATi HEAD 

The P-wave was inverted; the amplitude averaged -0.7 mm. The 
average duration of the P-wave was O.OG second. The limits are given 
ill Table I ivliere the measnvemeiits arc suinmarizecl. At first gTance, 
tbe P-'ivave (Pig. 1) appeared diphasic, for the interval beUveeii tlie 
P-ivave and the QRS group Avas always slightly above the isoelectric 
level. This was due to the end deflection of the auricular coutrac- 



Fig. 1. A, J3, 0, Tlu-ee normal individuals -tvitii Lcatl-s I, IT, HI rind procordial 

or fourtli) load. 


(cliest 


tion, the “T-wave of the P-wave,” so to speak, lu tlie standard elec- 
trocardiogram tliis end deflection of the P-ivave is usually evident but 
is not so large as in the precordial lead. 

The aimculoventricular conduetion time, that is, the P-Q interval 
measured 0.15 second, but the range ivas from 0.10 to 0.18 second.’ 
It attained 0.20 second once. 

The QR group is perhaps a better term tiian the QRS group for in 
the preeordial lead there were only two waves visible. In ih’e ordi 
nary standard eleotrocardiogram three waves are co.„m„‘ , :^d „t 
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Avave alone is not nncommon. In our series, the first Avave of the QR 
group AA^as alAA^ays a doAAUiAA^arcI deflection, or Q-AA^ave. The absence of 
a Q-Avave, therefore, is abnormal. The average size Avas -5.3 mm., 
but the amplitude I’anged from -1.5 to -14.0 mm. Not one Q-Avave 
measured less than -1.5 mm. 

The next Avave, the R-Avave, Avas u2Aright. Its average height Avas 
+10.7 mm., ranging usually from +2.0 to +17.0 mm., hut attaining 
+19.0 mm., +23.0 mm., and +26.0 mm., each, once. The Q-Avave Avas 
usually smaller than the R-AvaAm, but to this there Avere eleven excep- 
tions. The absence of an R-Avave or one Avhose size is less than +2.0 
mm. is abnormal. 

The duration of the QRS Avas 0.09 second. In fact, the variation 
shoAvn in this group Avas apparently much less than that in the stand- 
ard electrocardiogram. It ranged, neA’^ertheless, from 0.06 second to 
0.12 second, each of these limits being attained only once, so that one 
is safe in stating that the upper limit of normal is 0.10 second. Notch- 
ing or sluri’ing Avas ncA^er present in the precordial chest lead of the 
normal indiAudual. On the other hand, this is hot uncommon in Lead 
III of the standard tracing. 

The R-T transition of the precordial electrocardiogram differed 
from the RS-T transition of the standard record. The T-Avave Avas 
angularly inverted almost immediatelj’- after the R-Avave, Avitli hardly 
a semblance of isoelectric level (Pig. 1). The aA'-erage of the R-T 
transition Avas 0.08 second. The R-T interval, measured from the end 
of the doAvnstroke of the R-AAmve to the end of the T-Avave, Avas 0.26 
second, but the range Aims from 0.20 to 0.32 second. The R-T transi- 
tion usually Avas 1 mm. beloAv the isoelectric leA’'el; it Avas isoelectric 
on eight occasions, but ncA’^er once aboAm the isoelectric line. 

The T-AvaA^e Avas inverted. The negatmty ranged in amplitude from 
-1.0 mm. to -6.0 mm. Once indeed it measured -7.5 mm. Any T-Avave 
greater than -6.0 mm. is probably abnormal. 

The aA^erage duration of the T-AAmA’'e aa^s 0.19 second, but there Avere 
Avide Amriations, i.e., from 0.08 second to 0.26 second. 

There Avere a fcAv exceptions to the foregoing descriptions. The 
P-AvaA^e Avas positive in 2 instances out of the 104 examinations. This 
occurred in subjects of forty-eight and thirty years of age, respec- 
tively. These indiAuduals Avere considered normal in every respect, 
but they had long, narroAv hearts. It may be that an unusual rotation 
of the heart Avas responsible for these variations from the predomi- 
nant findings. 

The T-AvaAm AAms barely positive once, about +0.5 mm. This Avas 
present in a Avoman forty-four years old in Avhom history, physical 
examination, teleroentgenogram of the heart and laboratory examina- 
tions Avere normal. Her electrocardiogram rcA’-ealed a normal sinus 
rhythm AAdth a left ventricular preponderance. The only doubtful 
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finding was an inverted cove plane T-wave in Lead III. The patient 
was reexamined in January, 1934. All examinations inclndnig fiuoros- 
eopy of the heart and lung were negative, but tlie prccordial lead 
now revealed not only a positive T-wave of +0.5 mm., but a notched 
QR and an R preceding the Q-wave, an observation which is consid- 
ered definitely abnormal and which was never found in any of the 
first 104 records. For these reasons it is my opinion that the inverted 
T-wave in Lead III was an abnormal finding, and that the patient did 
not possess a normal heart. Moreoi-er, the fact that the slightly 'posi- 
tive T-wave of the preeordial lead ivas the only exception in the 104 
cases proves that it may be discarded from a statistical point of view. 
In other words, a positive T-wave in the precordial lead should always 
be considered abnormal. 


It appears from the foregoing that the jirecordial lead may helji 
to decide when an inverted T-wave in the third lead of the electro- 
cardiogram is of significance. 

Left ventricular preponderance on the electrocardiogram occurred 
44 times. The preeordial tracings in these cases .showed nothing dif- 
ferent from those observed in the reinainijig eases. 


COMMENT 


Many types of electrodes were experimented with in taking chest 
leads. One of the simplest of these was an ordinary glass funnel, with 
outside diameter of about from 1.5 to 2 inches. Inside the funnel, 
as near the periphery as possible, were wound a few coils of thick 
copper wire which emerged through the narrow end. The funnel was 
stuffed with a wad of absorbent cotton moistened with warm salt 
water. The cotton was bulky so that it formed the area of contact 
with the chest wall. The glass, held in the hand, served as an in- 
sulator. Another such electrode was held in place posteriorly. I am 
now substituting the posterior chest electrode with the left leg elec- 
trode. As Wilsoiff has shown, the lead over the heart i.s tlie important 
one, and the other lead may be placed at a greater distance from the 
heart without significant eliangcs in tlie electrocardiogram. I have 
confirmed this observation in at least 30 patients, and hence use the 
funnel electrode over the preeordium, and the left leg as the indiffer- 
ent electrode. The preeordial lead is then taken as one ordinarily" 
derives the standard Lead II. This method is simpler than utilising 
both the anterior and posterior che.st electrodes. 


It was usually found unnecessary to rub the skin at the site iipoi 
which the funnel was placed, unless the che.st Avas hairy The besi 
means of reducing resi.stauce Avas by making two or three Very super 

d^at bTo?^'^" "" liypodermie needle. It was never necessary t( 
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It will be observed that the P- and T-waves were inverted, and on 
this account manj^ writers have suggested that the chest leads should 
be reversed. The P-wave would then be upright, the first wave of 
the QES group would be upright, the second inverted, and the T-wave 
would be positive. In the standard electrocardiogram the waves 
usually occur in this form; hence the advantage of reversing the leads. 
The measurements given in Table I would still hold except that their 
signs would change. 

SUMMARY 

For the preeordial lead the i-ight arm electrode is placed on the an- 
terior chest, just to the left of the sternum about the level of the 
apex, and the second electrode is on the left leg. The record is then 
taken as one usually derives Lead II of the standard electrocardio- 
gram. This method is simpler than that of placing one electrode on 
the front and the other on the back of the chest. 

A simple glass electrode is described for obtaining preeordial leads. 

It is suggested that the electrodes of the preeordial lead be reversed 
so that P, R and T will he positive and only S inverted, just as they 
are in the standard electrocardiogram of normal adults. 

The preeordial chest lead in 104 normal individuals is summarized. 
In this series the P-wave is shown to be negative, is not more than 
-L5 mm. and is usually followed bj”- an end deflection above the iso- 
electric level. The P-Q interval averages 0.15 second. The QRS group 
is always diphasic, and never notched or slurred. Its duration is 0.09 
second. The absence of the Q-wave or of the E-wave is definitely ab- 
normal. The Q-wave averages -5.3 mm. in size and the E-wave, +10.7 
mm. No Q-wave less than -1.5 mm. and no E-wave less than +2.5 mm. 
in size was ever observed. The R-T transition is below the isoelectric 
level, occasionally just isoelectric. A positive E-T transition or one 
that is more than 2 mm. below the isoelectric is definitely abnormal. 
The T-waves are always inverted and usually are less than -6.0 mm. 
in size. 

The jirecordial lead may prove of service in interiireting which 
T-wave iiwersions of the third lead are abnormal. 

Left ventricular preponderance in the standard electrocardiogram 
of normal adults does not change the form of the preeordial lead. 

My thanks are cine to Dr. Harold E. B. Pardee for his many lielpful suggestions. 
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THE EFFECT OF CONDENSERS IN THE 
ELECTROCARDIOGRAPir"t 

Myron Schwarzschilo, M.A., and Midton ICtssin, i\I.D. 
New York, N. Y. 


T he taking of an electrocardiogram lias certain commonly appie- 
ciated inconveniences. Compensation and current reversal are 
necessary; the string often tends to move oif the field, and a wel - 
trained operator is reciuired. These difficulties are largely obviated 
by the use of a condenser (capacitance) in the electrocardiographic 
circuit, since the string then returns toward the center of the field 
automatically without the use of a compensating current. In fact, 
most of the amplifier type instruments available today make use of 


condensers. 

A condenser placed in series with the patient and the electrocardio- 
graph will suppress tlie low frecpieneies primarily due 1o “skin cur- 
rent” but will permit the passage of the cardiac current. A capaci- 
tance represents an impedance to the flow of electric current inversely 
proportional to the frequency of alternation of the current. It offers a 
practically infinite impedance to low frequency currents which are 
evidenced by a drift (“skin current”), ivliereas it offers little imped- 
ance to currents caused by the rapidly fluctuating heart voltage. 

The use of the condenser has been mentioned before. CrenieN fir.st 
reported its use for recording nerve currents. Later- he reported the 
possibility of its use in electrocardiography. Kraus and Nicolai'* 
mentioned the condenser as a means of automafic compensation, but 
on the basis of work done up to that time did not recommend its use 
because of the distortion introduced. Zwicke-* as well as Rothberger 


and Winterberg-’^ discussed the effect of the condenser qualitatively 
and showed that the magnitude of the distortion depends not only on 
the size of the condenser, but also on the value of the resistance of 
the circuit. Kahn'’ and Weber' noted the condenser as a method of 
compensation, and like Kraus and Nicolai" did not advise its routine 
use because of distortion. Schellong® presented tracing.s to illustrate 
the distortion introduced by condensers and showed that the effect of 
polarization is similar to that of caiiacitanee. Lueg® .showed that 
the introduction of condensers (of small capacity — 7 microfarads 2 
microfarads, and 0.5 microfarads capacity) into the siring .valvanoim 
eter eireuit will cause flattening of the waves so that the records 
resemble those of myxedematous individuals. 


Denartment of Nlectvocardiography, Beth 
tAtded by a grant from the Herbert L. CelJer Poimrlation. 
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Dock^® demonstrated tlie effect of condensers in tlie string galva- 
nometer circuit, as well as tlie effect of capacitance in the amplifier 
type of electrocardiograph. He questioned the accuracy of records 
obtained with the amplifier tjqDe of instrument having condensers in 
the circuit. Ernstene and Levine^^ eomjiared records taken ivith the 
amplifier type of electrocardiograph (circuit constants not given) 
with those taken with the string galvanometer. They found slight 
differences in the amplitude of the deflections of the two kinds of 
records, but considered amplifier records satisfactory. Pardee^^ ex- 
pressed surprise at Dock’s criticism^® (on the score of condensers) of 
the amplifier instrument. He made comparative records with both 
tjqies of instruments and concluded that amplifier records do not show 
distoi’tion and that high external (“skin”) resistance will cause dis- 
toi’tion in string galvanometer tracings, but not in amplifier records. 
Because of the predominantly qualitative trend of all the available 
data, a more thorough stud}’' from the quantitative point of view 
seemed desirable. 

In the electrocardiograph there are two important soui’ces of dis- 
tortion. One is the distortion due to the imperfect mechanical proper- 
ties of the recording system. The other is due to the imperfect elec- 
trical properties of the circuit. For electrocardiography, where very 
high frequencies (over 1,000 per second) need not be considered, these 
two tj’pes of distortion may be very simply differentiated in their 
effect on the record. The former, pi'imarily due to the inertia of the 
moving system, is almost exclusively responsible for any loss of higher 
frequencies, because of the inability to follow very rapid fluctuations 
with fidelit}’’.^® The latter, in all practical systems heretofore de- 
.seribed, due to eapaeitanee in the electrical circuit, is responsible for 
losses at Ioav frequencies, resulting in a distortion, the details of which 
are the subject of this study. 


METHOD 

In order to iiiA’estigate the distortion experimentally it appeared 
desirable to dispense with the use of patients as sources of voltage, 
since in an actual electrocardiogram slight valuations in the waves 
occur from cycle to cycle. An artificial source which could be de- 
pended upon for exact duplication, ivith electrical properties similar 
to that of a patient, offers great advantages. Such a device was eon- 
strueted. It consists essentially of a gas-filled photoelectric cell and 
a light source between which, with a suitable optical system, a disc is 
rotated by a spring motor. The disc is notched to correspond to the 
desired voltage waves. As it turns it occludes more or less light from 
the cell, thus causing more or less current to flow in the photo-cell 
circuit. A shunt in the circuit acts as the patient. The photo-cell 
current is high enough to permit the application of the voltage across 
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the shunt, the resistance of which may be made as low as 1,000 ohms, 
directly to the electrocardiograph without the interposition of ampli- 
fiers or other possible sources of distortion. With this device any re- 
ciu’ring wave form may be produced at will by cutting the proper disc. 


FACTORS DETER.AnNINQ THE MAGNITUDE OP THE DISTORTION 
The simple circuit, consisting of galvonometer, condenser, and pa- 
tient in series, is the basis for consideration. If at the beginning of a 
wave, say the R-wave, the condenser is uncharged, at the end of the 
wave it will be left Avith a charge. This charge on the condenser 
causes a deflection of the galvanometer opposite in direction to the wave 





A. B. 

FiS. 1. 


„ — Effect of amplitude of tiv 

Without condenser. 

of duration of tlic 

without condenser. 


wave on the 
wave on the 


.1. ji. 

Fig-. 2. 

distortion : A, witli condenser ; B, 
distortion; A, -willi condenser; B, 


just tenmuated. The effect of the condenser is therefore to produce 
on overshooting of the end of the wave. In addition, during tile 
course of the wave the condenser is accumulating tile el ai-e so that 
the amplitude of the wave will be reduced 

The actual extent of these distortions, that is the magnitude of the 

.r s.r " 

isisttM:rr4.rSw ““ 

having the same duration, produced iSallv’l^’ ^ all 

, piuuueea aitiheially by means of the photo- 
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sensitive device. Fig. 1 A shows the waves as recorded with a con- 
denser in the circuit, while Pig. 1 B .shows the same waves as recorded 
without a condenser. 

The distortion is also proportional to the duration of the wave. 
Pig. 2 sliows waves of 0.05, 0.1, 0.15, and 0.2 second dui*ation, all hav- 
ing the same amplitude. Pig. 2 A shows the waves as recorded with 
a condenser in the circuit, while Pig. 2 B shows the same waves as 
recorded without a condenser. 

The distoi’tion is inversely proportional to the product of the ca- 
pacity of the condenser in farads and the resistance of the entire cii*- 
euit in ohms. Since this product is known as the time constant, we 
may say that the di.stortion is inverselj’ proportional to the time 
constant. This is illustrated in Pig. 3, which shows a series of waves 
all of the same amplitude and duration, as recorded without a con- 
denser in the circuit, and with various time constants ; namelj^, 3, 2, 1, 
0.5, and 0.1 seconds. The time constant may be increased either by 
increa.sing the resistance of the circuit or increasing the capacity of 
the eondensei’. 



A. B. c. n. K. F. 

Fig. 3. — Effect of time constant on the distortion; A, without condenser; B, 7 ~ 
3 .sec. ; C. r =: 2 .sec. ; D, t z= 1 sec . ; E, r — 0.5 sec. •, F, r ■=:. 0.1 sec. 


The reduction in amplitude follows the same laivs and is in general 
about half as great as the overshooting. Pigs. 1, 2, and 3 verify this 
point. 

CABCULATIOX OF THE DISTORTION" 

In order to utilize these results to best advantage it is desirable to 
be able to calculate from a recorded Avave the distortion contained in 
it ; that is, for example, hoiv much of a recorded depression of an ES-T 
inteiwal is real and hoiv much is due to the use of a condenser. In 
that way it will be possible either to coi'rect records taken vdth inade- 
quate condensers or to determine hoiv much capacity is necessary for 
clinically satisfactory recording. 

The quantitative relationships are very readify found. The charge 
delh^ered to the condenser during the passage of a ivave is equal to 
the average current floiving in the circuit multijilied by the duration 
of the AvaA'e. The aA'^erage current flowing in the circuit is equal to the 
average voltage diAuded by the resistance. If the Avave is considered 


♦The mathematical details of the derivation of the formulas and statements em- 
bodied in this paper will be furnished, upon request, by the authors to those interested. 
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to be triangular in sliape, a fair assumption, the average voltage is 
one-half the amplitude of the wave. Hence, if II is the resistance of 
the circuit, H is the amplitude of a wave and T its^ duration, the 
charge delivered to the condenser during its passage will be given by 


This charge, as has been stated before, causes a deflection of 
2ll ' 

the galvanometer because a charge on a condenser is always accom- 
panied by a voltage difference equal to the charge divided by the ca- 
pacity of the condenser. In this case, 1,hen, the deflection of the gal- 
vanometer after the passage of the wave, or the overshooting, will 

be given by The quantity RG in this expression is the time 

constant and will be denoted by r so that finally Ihe overshooting is 


given by 


HT 



AH CD F. F 

Nig-. 4. — Artificial elcctrocardiogi-ams witli variou.s time constants; ; agreement be- 
tween calculated and measured value.s of the di.stortion: A, witliout condenser; RST 
depression 0.4 ni.m., R amplitude 20 : Ji, r 3 sec. RST depression ; Observed 0.5, 
Calculated 0.6, R amplitude: Observed 20, Calculated 19.3; C, t — ‘> sec, RST de- 
pression: Observed 0.7, Calculated 0.7, R nmvlittide : Observed r--'- ’ = - 
/?, r = 1 sec. RST depression; Observed 1.1. Calculated 1.1, R ■ ■ 

19.5, Calculated 19.6; F, r = 0.5 sec. RST depression: Observed 1.7, Calculated 1.9. 
R amplitude: Observed 19.5; Calculated 19.2; F, r = 0.1 sec. RST depi-ession : Observed 
6, Calculated 8. .2, R amplitude; Observed 17. Calculated 1 G. 


By a very similar argument it can be .shown tliat the diminution of 
amplitude of the initial stroke of a wave i.s given by where t is 

2t 

tlie duration of the initial .stroke. 


In order to simplify this discussion it has been assumed that at the 
beginning of the ivave tlie condenser is uncliarged. Actually, since 
anj'’ wave is merel}’’ one of a series of successive waves, this is not 
the ease. If account is taken of the residual charge, the distortion 
calculated in accordance with the ahoi'e formulas is, in an extreme 
case, in error by only 0.2 mm. for a time constant of one second and 
proportionately less for longer time constants. When all the waves 
are in the same direction, i.e., P, QRS and T, all erect or all inverted, 
the calculated distortion is slightly greater than the real distortion' 

When there are inverted tvnves, our lornnila may actually under- 
estimate the distortions. 
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CLINICAL SIGNIFICANCE OP THE DISTORTION 

Fig, 4 shows a series of artificial electrocardiographic curves taken 
with the help of the same photosensitive device mentioned above. It 
is readily seen that the most significant distortion from the clinical 
point of view is the depression of the RS-T segment due to the con- 
densers. Inasmuch as attention is paid to tlie RS-T segment in the 
diagnosis of coronary artery disease, rheumatic fever, and otlier con- 
ditions, deviation of this segment assumes significance. Since the dis- 
tortion is proportional to the size of the wave, small waves may show 
no distortion, while large waves will show appreciable distortion. 

The time relationships, such as the PR interval, the width of the 
QRS straddle, the RR interval, remain unchanged with the use of 
condensers. This is readily vexfified in Pig. 4. 

APPLICATION TO AMPLIFIER TYPE OP ELECTROCARDIOGRAPHS 

This discussion applies directly only to the simple galvanometer cir- 
cuit in which the patient, galvanometei', and condenser are in series. 


A 


B 


Fi&. 5. — A, Determination of the effective time constant for an ampUBer type elec- 
trocardiograph, B, Distortion introduced by this particular electrocardiograph. 

The formulas may also be applied to amplifier type electrocardio- 
graphs in which condensers are used, if in place of r, which for the 
simple circuit is the product of the capacity of the condenser in farads 
and the total resistance (galvanometer and patient) in ohms, is sub- 
stituted the equivalent time constant. 

The equivalent time constant may be determined by applying a 
potential of a few millivolts to the leads without a patient. The rec- 
ord obtained will show a sudden rise and then a gradual drop back to 
the isoelectric line. Fig. 5 A shows such a record. If the straight 
line BG is drawn tangent to the curve at the peak, the time between 
the initial rise and the intersection E, with the zero line, AT), meas- 
ured in seconds, is the equivalent time constant, in this ease 1.4 
seconds. 

Fig. 5 B shows the distortion introduced by the instrument, the 
time constant of which is derived in Fig. 5 A. 
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In tlie string galvanometer with condensers in the circuit, changes 
in the patient's resistance will affect the time constant, whereas in 
the amplifier instrument as general^ constructed the time constant is 
independent of the patient's resistance. 

OPTIIMUM TIME CONSTANT 

One of the advantages of the condenser, cited above, is the saving of 
time in shifting from lead to lead. If the time constant is long, this 
advantage disappears, since it may require the lapse of a considerable 
period of time for the string to reach its normal position after a shift 
of leads. The time required is proportional to the time constant and 
to the difference in the constant voltage (skin current) between the 
two leads. Too long a time constant, therefore, entails a loss of the 
advantages of the condenser. 

It is desirable to arrive at a minimum time constant which will 
not cause distortion of clinical significance. 'With the help of the 



Fig. 6. — An extreme case in wliicli tliere 
constant of 2 .seconds : A, no conden.ser ; 13. 
E, T ~ 0.5 ; Fj T = 0.1 sec. 


is measurable distortion even for a time 
T = 3 sec. : C, T ~ Z sec. ; JO, t = 1 sec. ; 


formula for determining the depression at the end of a wave, we may 
reason as follows. The most important clinical distortion is the de- 
pression of the ES-T segment. With an E-wave of 0.1 second or less 
in duration, and 20 mm. or less in height, a time constant of 2.0 sec- 
onds would introduce a depression of the ES-T segment of 0.5 mm. 

or less. Therefore, 2.0 seconds is perhaps the optimum value for the 
time constant. 


Even with a 2.0 second time constant tliere may, in exceptional 
cases St, n remam some distortion of possible clinical significance, 
tient! electrocardiograms taken on an aetnal pa- 

as mToIw " Varions time constants were uL 

«a,e constant- necessa^l ‘ ^ 
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lated value for the oversliootijig should be deducted from the observed 
deviation to arrive at the real value. 

USE OF THE CONDENSER. WITH STRING GALVANOMETER 

In case ease of shifting leads is of importance, the condenser in the 
string galvanometer must be eonneeted at a point in the circuit be- 
yond the lead changing switcli. The string protecting switch (short- 
circuiting tj^pe) should be connected so that it will not short circuit 
the condenser through the string. With these connections properly 
made, switching from lead to lead involves only three motions. Fii’st, 
the string protection is put on; second, the lead is changed; and 
third, the string protection is removed. With a skin voltage differ- 
ence between two leads of 15 millivolts and with 500 mf. (3.5 second 
time constant) the string protection must be left on for six seconds in 
order that the string may be practically at the center of the field when 
the protection is removed. For other conditions the time may easily 
be computed, as it is proportional to the time constant and the differ- 
ence in skin voltage. 

Paper condensers of large capacity are expensive, heavy, and bulky. 
It is possible to use electrolytic condensers which reduce the expense, 
the size and weight considerably. They must be connected in such 
a way that the normal polarizing voltages found in such condensers 
may be neutralized. This can be done by connecting them in a bridge 
arrangement. By this means a satisfactory condenser of 500 mf. may 
be constructed which will weigh about 5 pounds and occupy a space 
of only 8" x 7" x 6". 

When using the condenser, it is desirable to use short-circuiting 
string protection such as is used in most of the more recent string 
electrocardiographs. 

The most important uses for the condenser are as folloAvs : 

1. For taking one lead over a long period of time Avithout Avatching 
the string. Adventitious movements Avill not throAv the string off 
the field. The tracing Avill go along cAmnly, it Avill look better, and 
AAull be easier to read. 

2. For use Avhen only an untrained assistant is aA^ailable. A trained 
person can set up the machine and an untrained indiAudual may then 
operate it. 

3. For taking tracings of the three leads AAdiere rapid shifting from 
lead to lead is necessary, and time relationships rather than the fine 
details of the form of the electrocardiogram are being studied. In 
this ease a condenser of relatiA^ely Ioav capacitj’’ should be used. Such 
records may be corrected by the use of the formulas giA^en aboAm. 

SUMMARY 

1. Condensers placed in the string galvanometer or amplifier type 
of electrocardiograph make compensation for “skin current’' auto- 
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matic. String galvanometers are not ordinarily equipped witli con- 
densers; whereas most amplifier electrocardiographs are so equipped. 

2. Tlie presence of condensers introduces distortion. 

3. The chief distortions that may be introduced by condensers in 
the electrocardiograph in clinical practice are BS-T deviation and 
diminution in the height of the B-wave. Since attention is paid to 
the ES-T segment in the diagnosis of coronary artery disease, rheu- 
matic fever, etc., its deidation is significant. The time relationships 
are unaltered. 

4. The magnitude of the distortion is proportional to the duiation 
and amplitude of the wave being recorded and is also, in a simple cii- 
cuit (string galvanometer), inversely proportional to the product of 
the resistance and capacity. 

5. This product is known as the time constant. An amplifier cir- 
cuit (which is a series of simple circuits) has an equivalent time con- 
stant to which the distortion is likewise inversely proportional. A 
simple method is given for determining this constant. 

6. Formulas are given for determining the magnitude of the dis- 
tortion. 

7. If the time constant of the circuit is 2,0 seconds or more, the dis- 
tortion is not usually significant in clinical practice. 
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A SELF-RETAINING SKIN CONTACT ELECTRODE FOR CHEST 
LEADS IN ELECTROCARDIOGRAPHY* 

Irving R. Roth, M.D. 

New York, N. Y. 

S INCE the introduction of the electrocardiographic Lead IV by 
Wolferth and Wood in January, 1932, the study of chest leads has 
taken on considerable impetus. Manj’’ workers are now investigating the 
subject Avith the hope of finding some lead or leads that will disclose 
evidences of mjmcardial damage not revealed by the standard three leads 
originally adopted by Einthoven for clinical electrocardiography. In 



Pis'. 1. — A, hard rubber cup (described in text). B. Electrode partly assembled; 
bottom of cup contains moist wool pad and copper loop is partly in place. O, Com- 
pletely assembled electrode. 

the successful jiursuit of the study of chest leads, one requires a suitable 
electrode which will satisfy the following requirements : 

1. That the electrode cover a small surface, to enable the investigator 
to “tap” the “potential” over selected small areas. This is essential 
because the potentials over the chest wall vary appreciably from point 
to point, even when these are one or' two inches apart. 

2. That the electrode be completely insxilated. This is to prevent 
contact with adjacent areas of skin or other sources of extraneous po- 
tentials. 

3. That the electrode retain its ijosition absolutel 3 ^ A sliding elec- 
trode may produce artifacts. 

4. That the electrode offer a loiv resistance to the circuit. Overshoot- 
ing of the galvanometer sti’ing is to be avoided if we are to evaluate 


‘From cardio&raphic laboratories of the Mount Sinai Hospital, New Vork City. 
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tracings of chest leads, particularly during this initial stage of our in- 
vestigation of chest leads. 

With these requirements in mind I have constructed an electrode, 
illustrated in Fig. 1. It consists of a hard ruhber cup, about a half inch 
deep and about one and three-quarter inches in diameter.’" Within the 
cup there is a copper loop betiveen tivo pads of ivool. The free end of 
the copper loop protrudes through an opening in the side of the cup. 
A small perforated rubber stopper slides over the end of the wire. This 
stopper fits the opening in the side of the cup and serves to seal the exit 
of the wire. Into another opening in the side of the cup there is fitted a 
small nozzle to which a rubber tube is attached for the purpose of pro- 
ducing a partial vacuum within the cup, when in use. An elastic band is 
stretched over the free margin of the cup with sufficient overlapping to 
keep the contents in place. 



Pig-. 2. — Electrodes in situ, retaining their position on cliest ■wall. 


METHOD OF ASSEMBLING EI.EGTRODE AND APPIA’ING IT TO THE CHEST W^ALL 

1. Place one moht wool pad into cup. 

2. Introduce copper loop, with free end protruding through opening 
in the side of the cup. 

3. Holding loop in place with thumb, slip perforated rubber stopper 
over free end of wire, and by gentle rotation, force stopper into opening 
of cup and press it firmly into place. To test whether stopper has sealed 
opening, invert cup over palm of hand, press firmly and make slight suc- 
tion on nozzle. If stopper is firmly in place, such suction must produce 
a partial vacuum sufficient to hold cup against palm. 

4. Place a second moist avooI pad into cup. 

5. Stretch elastic band over free margin of cup with .sufficient over- 
lapping to hold contents in place (elastic liand should overlap about 
one-eighth inch). 


r™.c‘oiVe“&s! asciXe’TS'sfSi Si 

h proper preparation of skin, these smaller electrodes may he used exclusively. 
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6. Put assembled electrode into warm (not hot) salt solution, fi’om 
three to five minutes. 

7. Select area on chest wall where electrodes are to be aiDplied. 

8. Cleanse area with water and aleoliol and rub vigorously with moist 
coarse cloth until skin is fluslied (if skin is too thick and cannot produce 
flush, one maj^ make a small superficial scratch with a dull, sterile needle 
point). 



Pig-. 3. — A, Conventional Lead I taken in usual manner, la^e surface contect, 
salt water bandages containing a large German silver plate. B, Conventjonal ^ad 
taken with electrodes here described, held in place over tlie anterior surfaces of risriit 
and left forearms. G, Chest lead taken with self-retaining electrodes of one and three- 
quarter inches surface area. The right electrode was applied one inch abo\ eandinesacl 
to angle of right scapula. The left electrode was applied three inches lateral to left 
sternal margin in fourth interspace. 


9. RemoA’^e electrodes from salt solution ; express excessive ivater ; wipe 
cup dry, especially protruding tvirc; make contact hetween end of copper 
Avire and “lead” cable; attach soft rubber tube to nozzle. 

10. Place cup oAmr selected area; press firmly against chest Avail. 
While pressing, produce partial Amcuum tlu’ough rubber tube (use 
medium-sized syringe and produce A^acuum sufficient to collapse imbber 
tube). Clamp tube. Proceed to take the electrocardiogram (.see Pig. 
2 ). 
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CAUTIONS TO BE OBSERVED 

1. Do not permit cable to drag on the electrodes. 

2. Patient should be relaxed and cautioned not to move about, lest he 
stretch his sldn and dislodge electrodes. 

3. In case of male patients, the area selected may have to be shaved. 

4. Copper loops must be clean. Scrape before using, or replace by 
new one frequently. 

5. After electrocardiogram has been recorded, electrodes should be 
taken apart, being careful not to bend copper loop when removing rub- 
ber stopper. Parts should be washed and dried so as not to permit the 
accumulation of salt crystals. 

6. Never hoil hard rubber cup. Hot water will distort it. 

The instrument is essentially a Ameuum cup containing the electrode. 
As such, after it has been applied for some time it may leave a hyperemic 
zone which, for cosmetic reasons, may be undesirable on the part of some 
patients. In such a case the electrode may be used without suction. It 
can be applied to the chest wall in the same manner as one would apply 
a stethoscope bell. If the skin is prepared, satisfactory tracings can be 
taken in this way. An assistant or the patient himself may hold the 
electrodes in place. 

The resistance with these electrodes maj^ safely range from 3 to 4000 
ohms without overshooting of the galvanometer siring. Higher resist- 
ances have been found satisfactory, but as a general rule they should be 
avoided. 

Tracings taken with these electrodes are shown in Pig. 3. Pig. 3A 
shows tracings taken in the usual manner — large plates and salt water 
bandages. Resistance, 1500 ohms. Pig. 3R shou's tracing taken from 
extremities with self-retaining small electrodes. Resistance, 2500 ohms. 
Pig. 3C shows chest lead from same patient. Resistance, 750 ohms. 

SUMMARY 

A new skin contact electrode for electrocardiograiihie work i.s ])re- 
sented. Tliis electrode is of small surface, completely insulated, of low 
resistance and is self-retaining. It is hoped that it will facil'ilatc in 
particular the study of chest leads in electrocardiography. 



AN EFFICIENT APPARATUS FOR SIMULTANEOUS 
ELECTROCARDIOGRAPHIC AND ARTERIAL PULSE RECORDS* 

J. Edwin Wood, Jr., M.D., and R. J. Gentile, B.S. 
University, Va. 

A rterial pulse curves are not infrequently of value, especially in 
‘ medical teaching. Combined electrocardiographic and arterial 
pulse records often serve to elucidate the various cardiac arrhythmias. 
Difficulties attendant upon the proper recording of simultaneous arterial 
and electrocardiographic curves are based partly upon inefficiency of 



Pig:. 1. — A, Erlanger metal bell. B. recordingr tambour with recording- lover C 
and escape valve D. E, mercury manometer. P, clinical blood pressure cuff witli 
usual bulb and valve G. 

the average receiving tambour or glycerin jiellote and occasionally upon 
the observer’s lack of familiarity ivith their use. The apparatus de- 
scribed below obviates both of these difficulties as it requires no par- 
ticular adjustment and invariably permits a good excursion of the 
arterial recording lever. Application of a clinical blood pressure cuff is 
the only adjustment necessary for reception of the ai’terial impulse when 
used with an Erlanger bell, and a recording tambour. The cuff may be 
pumped up and left in place so that one person may operate both 
galvanometer and arterial lever and easily obtain a double record (Fig. 
2a). While a combination of the Erlanger capsule with arterial pulse 
levers has been previously suggested,^ it is thought that the particular 
arrangement indicated below ivill be useful and therefore worthy of 
desei’iption. 

•Prom the Department of Internal Medicine, School of Medicine, University of Vir- 
ginia, University, Va. 
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APPARATUS AND METHOD 

The aeeompanying diagi-am (Kg. 1) is practically sell-explanatory 
An Erlanger ntetal bell (A), the ba^ (H) of which has b^rvered 
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with three layers of riililier dam, is jilaced lietween an ordinary clinical 
blood pressure cuff (F) and simple recording tambour (B). Clinical 
mercury manometer (E) is attached on the cuff side of the system by 
a T-tube. Light broom straw recording lever (C) is placed vertically in 
front of the camera aperture of the electrocardiograph. Electrodes are 
attached as usual, the blood pressure cuff is applied to the arm, pumped 
to the approximate diastolic pressure of the patient, and the tracing 
taken. The resulting curves are smoother and of a more usual contour if 
a slight air escape is allowed in the recording tambour at valve (D). 

The best excursions of the arterial recording tambour have lieen ob- 
tained when three layers of rubber dam (weight, approximately 1.1 oz. 
per sq. ft.) have been used at H. A single layer of much lighter 
rubber membrane should be used on tambour (B). 

ERROR AND CORRECTION 

Delay in the air system between cuff (P) and recording lever (C) 
has been calculated by a simple and direct method. Cuff (P) is rolled 
up tightly, a light broom straw placed between its folds with four or 
five cm. of broom straw projecting beyond the edge of the cuff. The 
rolled cuff is then placed in a claw clamp and adjusted so that the 
shadow of the projecting broom straw will fall on the camera aperture 
parallel to recording lever (C). If the cuff is then pumped up to 80 
mm. Hg and compressed sharply with thumb and forefinger, there is an 
immediate movement of the straw held tightly in its partially distended 
folds and a corresponding response of lever (C). Movement of the 
broom straw in cuff and the resultant movement of lever (C) may be 
photographed with the eleetroeardiogi-aphic camera, and the delay from 
cuff (P) to lever (C) indicated. For example, from the beginning of 
the upper curve of Pig. 2h to the beginning of the lower curve there is 
a delay of approximately 0.026 sec., as measiu’ed with a Cambridge 
Record Measurer. The brachial curve shown in Pig. 2a. is therefore 
displaced to the right by this interval. Thus the apparatus does not 
exceed in error instx’uments previously used ; Lewis* has stated the delay 
in transmission through the air of the rubber tubing to be approximately 

0. 0.3. see. in the radial and brachial curves shoAvn in his book. Ordinarily 
the patient may be placed close to the galvanometer so that the distance 
from the cuff to recording tambour is not more than two or three feet. 
However, satisfaetoiy tracings may be obtained with the patient as far 
away as nine or ten feet from the instrument, with a slight additional 
delay in the arterial record. 
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COARCTATION OF THE AOKTA^= 

Report op a Case in Which Sudden Death Was Due to 
Rupture op the Aorta 

Harold L. Stewart, M.D., and S. Beleet, jM.D. 
Phiuadeuphia, Pa. 


'T'HE embryology, patliologieal auatoinj’’, clinical features, and 
A pathological physiology of coarctotion of the aorta as well as the 
roentgenographic findi)igs in ea.ses have been rejiorted on in detail, 
not only in Abbott’s classical contribution to this subject, but also in 
tlie papers of King,^= Woltman and Shelden,i« Rosier, Blackford,^ 
Railsback and Dock/' Thomson and Lamb,’'' Praj-,® Ernstene and 
Robins,® Blnmgart, Lawrence and Ernstene,- Lemon,’® East,® Hamp- 
son,’® Ulrich," Evans,® and Eppinger and Midelfart.* Tlie object of 
the pi'esent communication is to report a case in wliich death was due 
to rupture of the aorta following a dissecting aneurysm. In addition 
some studies of the arteries above and below the point of coarctation 
were made to determine the effect of the wide variation in pressure 
upon these vessels. 


J. W., a wliito male, aged tAveuty-six years, an Italian laborer, was ad,nitted to 
Jefferson Hospi al m a state of shock. He had always been healthy and recalled 
no rUnesses, aside from slight colds. The family history contained nothing of note 
0. November 14 , 1930 , the petient rre.rt ,o rvork feebr.g ,„itc .veil, lVi.ilLr,r,vi„B 
a heav, timber he rras eemed rvitli pain in the "pit „f the stomncb.” Tills mi's so 
severe tha he ivas eompelled to drop his burden. He nevertheless eontiniied to 

The pain was localized in the lower leff nnumt. t 
aggravated by deep inspiration ExaniiimHn abdomen and was 

with shallow respiration! Them wm-e v -j 7 well-developed adult male 

The chest appeared distended over the\mvcr Mt "cck. 

slightly enlarged in the transverse diameter ti ^ ^ Tlic lieart wa.s 

a systolic murmur was audible at tl.e apex The^uir f 

to n. The blood pressur/m 
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136/60. The blood pressure of the legs was not recorded. A slight bulge was 
observed in the upper left quadrant of the abdomen, and the rectus muscle in this 
region was extremely tender and rigid. No masses were palpable. 

The day following admission ho appeared fairly comfortable under morpliinc. 
His temperature, which was normal on admission, rapidly rose to 102°. His pulse 
ranged from 90 to 112 .•uul respirations from 20 to 24 per minute. Blood count and 
blood chemistry were normal. Tlic urine showed a trace of albumin and hyaUno 
casts. Blood Wassermann j-eaetion was negative, and the icterus index was 9.2. 
The patient was in the hospital but two days, and his condition was so grave that 
complete studies were not made. Death occurred suddenly,at 1 A.xt. on November 19. 
The diagnostic impression was that of an acute cardiac or intraabdominal calamity, 
the exact nature of which was not determined. 

Fost-mortem Examination. —The chief findings of interest were confined to the 
heart, aorta and its branches. The pericardial sac contained 700 c.c. of partially 



Flff. 1. — Heart showing’ . upper portion of ventricular septum (left) with aorta 
attached: (1) subaortic stenosis; (2) irregularly widened aortic cusp: (3) aortic tear 
lust above cusps; (4) dissection aneurysm; (5) point of coarctation. 

clotted blood. The heart was definitely enlarged, its weight being 870 gm. Both 
ventricles were dilated and hypertrophied, this being more marked in the left 
ventricle. The musculature, however, appeared normal in color and consistency. 
The left ventricular wall at its midportion measured 25 mm., the right 8 mm., the 
mitral valve measured S cm., pulmonic 7.5 cm., the tricuspid 12 cm. and the aortic 
8.1 cm. The cusps of the aortic valve varied somewhat in width ; the right anterior 
measured 3.1 cm. and the left 2.6 cm.; the posterior 2.4 cm. at the free margin. 
A moderate subaortic stenosis was present. The ascending aorta was dilated and 
tended to form a distinct aneurysmal sac. The aorta 3 cm. from its origin meas- 
ured S.4 cm.; 6 cm. from its origin 7.5 cm. Immediately above the right anterior 
leaflet was a complete semicircular tear in the aorta measuring 2.5 cm. in its 
longest diameter (Fig. 1). A fresh thrombus protruded through the point of 
rupture and extended into the pericardial sac. Beginning at the origin of the aorta 
was a dissecting aneurj’sm which extended upward between the media and adventitia 
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Of the ascending and transverse portion and separated the corresponding coats of 
its main branches. Twelve cm. from the origin of the aorta and immediately below 
the insertion of the ductus arteriosus was an almost complete obliteration of its 
lumen. The marked stenosis was the result of narrowing at that point and in 
addition of the interposition of a smooth fibrous diaphragm which was concave 
toward the heart and convex toward the thoracic aorta, ending in a small papilla 
which admitted onlj' the passage of a bristle. The openings of the innominate, left 
common carotid and left subclaiian arteries were considerably dilated and the 
vessels thickened and tortuous. The internal mammary and the other arteries 
arising from the subclavian trunk, particularly on the right, were also dilated, 
thickened and tortuous. The lumen of the aorta was small and its wall much 
thinner below the point of coarctation. The openings of the first aortic inter- 
costals were small, but those of the second, third, fourth, fifth, sixth and the 
bronchial, together with the other branches of the abdominal aorta, were markedlj 
dilated. There was no evidence of atherosclerosis or sj'ifiiilis. 





Pis- Pig. S. 

Fig. 2.— Small arteriole In myocardium. Note relation between thickness of vessel 
wall and diameter of lumen. Compare with Fig*. 3. 

Fig. 3. — IVo small arterial brandies in the kidney. Note relation between thick- 
ness of vessel wall and diameter of lumen. Compare with Fig. 2. 

Microscopic Examination . — Tliin pieces of the various tissues were fixed in 10 
per cent formalin and Zenker’s fluid. Tiiey were cut and stained with hematoxylin 
and eosin, Mallory’s and van Gieson’s connective tissue stains, Verhoell’s stain 
for elastic tissue and plvosphotungstic acid stain for fibroglia, Tlie heart muscle 
showed evidence of hypertrophy of its fibers and slight granular degeneration. The 
chief finding of interest was the marked thickening of the walls of the smaller 
sized arteries. (Fig. 2.) This hypertrophy involved musculature as well as in- 
ternal elastic lamina. The larger branches of the pulmonary artery were unchanged. 
The smaller ones showed hyperplasia, reduplicatioii and fraying of the internal 
elastic lamina. The branches- of tlie bronchial arteries were unchanged. The smaller 
arteries and arterioles in the organs supplied by the aorta below the point of 

coarctation were normal (Fig. 3). Boiuv or 

Sections of the aorta just above the cusps and proximal to the tear showed 
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•amount of basophilic ground substance in which the collagenous fibers were embedded 
and which was areolar in arrangement. The elastica of the inner portion of the media 
was fairly u-ell intact, although that in the outer portion of the media was consider- 
ably frayed and broken up. Sections from the torn flap of the aorta showed in ad- 
dition to the changes just described an enormous amount of fluid and blood especially 
in the media and also between the intiina and' the media, necrosis of the media, e.x- 
tensive interruption of all the elastic tissue and an increase in collagen in the inner 
fifth of the media. Sections from the descending thoracic aorta below the point of co- 
arctation showed that part of the vessel to be thin due to medial hypoplasia; the 
inner portion of the intima had a vacuolated appearance and showed considerable 
metaehromatic connective tissue which stained red with van Gieson’s stain. 

The pathological diagnoais was coarctation of the aorta of the adult type; 
cardiac enlargement due chiefly to hypertrophy; subaortic stenosis; unequal width 
of aortic cusps; aneurysmal dilatation of ascending aorta; dissecting aneurysm 
with rupture; liemopericardium ; hypoplasia of the aorta distal to point of coarcta- 
tion; passive congestion of the liver, spleen and kidneys; hypertrophy of the media 
and of the internal clastic lamina of the branches of the coronary arteries and 
arterioles; hyperplastic sclerosis of the small branches of the pulmonary artery. 


COMMENT 

The presence of the thickened arterioles observed in the heart is 
worthy of discussion. Although the systolic blood pressure reported 
in this case was 136 nun., this tvas obtained while the patient was in 
a state of shock ; and from our knowledge of these eases, together with 
the cardiac enlargement observed, it seems reasonable to suppose that 
his blood pressure before the accident was considerably higher. Hy- 
pertension above the point of coarctation had probably been present 
for many years. In long standing, essential hypertension the associ- 
ated sclerotic lesions of the smaller bi*anches of the renal arteries and of 
similar vessels elsewhere, is believed by many to be the I’esult of 
hypertension, although this point has not definitely been settled. In 
the case of coarctation, it is interesting to study this point because the 
patients have a high blood pressure proximal to the coarctation and a 
low blood pressure distalljL It is interesting to observe the effect of 
hypertension in one part of the body and a normal or lower tension 
in the remaining portion in the same individual. Hji^ertrophy of the 
media and internal elastica in the smaller arteries is considered to be 
a stage of arteriosclerosis (Fishberg;'^ Kernohan, Anderson and 
Keith^"). This finding in a pei-son of twenty-five years with nonnal cali- 
ber of arterioles in the organ distal to the coarctation, in the absence 
of other obvious etiology, would suggest that the hypertension was 
possibly a factor in its production. The thickening of the coronary 
arteries and arterioles may possibly be the result of the high blood 
pressure existing above the point of coarctation, although 'the evi- 
dence presented is admittedly too inconclusive to justify a definite 
causal relationship. Unfortunately the arterioles of other tissues above 
the site of coarctation Avere not studied from this standpoint. If this 



STEWART AND BEIjTjET: 


f'OAROTATTON OF AORTA 


537 


Ixypei'teiisioii was productive of these ai'terial changes, it is concen 
able that its longer duration would result in more definite sclerotic 
lesions. In spite of the high systolic pressure above the point of eo- 
ai’ctation and a lower pressure below, there is no conclusive evidence 
that sclerotic changes in the ve.ssels are more marked above the point 
of constriction. Occasionallj'^ the I’essels below the point of coaieta- 
tion have shown more sclerosis than those above.^® 

In Hamilton and Abbott’s® latest series of 200 cases of coarctation 
there were but 33 in which nipture of the aorta. oeeuiTed proximal to the 
point of coarctation. In two cases, rupture of the heart itself occurred, 
and in five rupture of the aorta, was below the point of coarctation. In 
the great majority of their series, this tear, as in our case, led to a 
dissecting aneurysm which extended from between the layers of the 
media or the media and adventitia, and ruptured secondarily hours 
or days after the primaiy intimal tear. There were apparently but 
few cases where the tear occurred through all the coats of the vessel 
with death following immediately. 

A dilatation of the ascending aorta, as was present in our case, was 
obseiwed in 101 out of the 200 cases of their series ; in 71 this point was 
not mentioned. Cardiac hypertrophy, especially of the left ventricle, 
is extremely common and was noted in 150 of tlieir eases. However, 
cardiac hj^iertrophy was not necessarily present and was absent in 
some of the older patients. In 108 of their series the stenosis resem- 
bled or approached that observed in our case; i.e., the. opening was 
reduced to a very small lumen ranging in diameter from 6 mm. to one 
so minute as to allow the passage of a liair or hri,stle. In 47 of the 200 
eases the stenosis was complete. It is interesting to note the causes 
of death in coarctation. Spontaneous rupture of the aorta or heart 
occurred in 40 cases ; 24 patients died from a cerebral lesion, usually 
hemorrhage; 60 from cardiac decompensation and 17 without appar- 
ent cause. 


SUMiMABY 

A case of coarctation occurring in an apparently healthy young 
adult is reported in which death was due to rupture of the aorta. 

The possible relation of hypertension to arteriosclerosis is discussed. 
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SCLEROSIS OP THE CORONARY ARTERIES WITH MYOCAR- 
DIAL INFARCTION IN A YOUNG WOj\IAN 

H. W. Rathe, M.D. 

WA\nERLY, Iowa 

A rteriosclerotic lieart disease in men under forty years of 
k age lias been mentioned in tlie literature on numerous occasions, 
but the condition is apparently rarely encountered in women of this 
age period. Levine^ in liis monograph reported three young adults, 
one of whom was a woman thirty-nine years old. Willius and Brown- de- 
scribe the case of a woman thirty-five years of age with angina pectoris 
and myocardial failure, who died suddenly. Although a necropsy was 
not performed, the clinical manifestations justified the diagnosis of coro- 
nary artery disease. Wolfi; and White" cite a case from the literature 
of a young woman twenty-one years of age in whom a diagnosis of 
coronary artery disease was confirmed by necropsy. 

The following case report concerns a woman Avho at the onset of her 
symptoms was thirty-two years old. When she was first seen, it was 
felt that a sclerosis of the coronary vessels ivas probably responsible 
for her cardiac disability. The age of the individual, the presence of 
a nodular goiter and the subsecpient course suggesting infection, how- 
ever, made this diagnosis uncertain. 


CASE REPORT 

Mrs. J. E. M., white, aged thirty-three yenrs, was ndmitted to the liospital for 
examination. October 27, 1932, 

Eistori /. — She complained of nervonsness, wenlnicss, shortness of breath on exer- 
tion, attacks of choking sensation during the night, and cougli. 

The onset of the symptoms dated back to about two montlis prior to the birth 
of her last child in April, 1932. At this time slic noted that she became umisiially 
short of breath on exertion. The labor was normal, and following this there were 
no particular complaints until July of the same year. She began to experience 
shortness of breath on exertion, became fatigued easily, and in a short time became 
very nervous. These symptoms gradually progressed, and in September nocturnal 
dyspnea appeared. The latter was described as attacks of cJioking sensation wliicli 
would awaken her from sleep and compel her to sit up in bed to get her breath. 
When first seen about one month later she complained chiefly of the dyspnea and 
a nonproductive cough. Tlie noctunial attacks gradually increased in frequency and 
in severity. There was no history of pain suggestive of the anginal type. She 
stated she had lost about 30 pounds in weiglit during the past four montlis the 
present weight being 176 pounds. ’ 

She apparently had not been strong as a child, but according to her history had 
had no significant illness aside from a severe attack of scarlet fever at tweutv-two 
years of age. She was not aware of any cardiac involvement from the scarlet fever 
A careful inquiry was made concerning rheumatic infection, and with the possible 
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exception of growing pains at the age of twelve years, the history from this stand- 
point was negative. She was married at twenty-three years and weighed 125 pound's. 
Six months after the birth of her first cliild lier wciglit had increased to 170 pounds. 
She had two children who were living and well and had liad no miscarriages. Both 
pregnancies were carefully followed, and at no time was there any elevation of 
the blood pressure. 

The father and mother, two brothers and two sisters were alive and well. On 
the paternal side there was a lustory of several cousins liaving died from lieart 
disease, but the basis of the cardiac disability was not known. 

Findings . — The patient was moderately obese and well developed. Pupils reacted 
promptly to light and accommodation. There was a moderate sclerosis of tlie retinal 
vessels. The teeth appeared to be in good condition and except for an enlargement 
of the right tonsil nothing of particular importance was noted in the examination 
of the nose and throat. There was a moderate nodular enlargement of the thyroid 
gland. The lungs were apparently clear. In the examination of the heart the 
muffled cardiac tones and the gallop rhythm were the most conspicuous features. 
The left border of the heart was just outside the midclavicular line and there were 
no definite murmurs. The s 3 ’stolic blood pressure was 119 mm. and the diastolic 
92 mm. The pulse was of the low tension tj’pe, and there were no significant 
alterations in the walls of the peripheral vessels. The liver was enlarged, extending 
a hand ’sbreadth below the costal margin and was moderately tender. There was 
no peripheral edema. The blood picture was that of a mild secondary anemia and 
the urine was negative. In the teleroentgenogram the transverse diameter of the 
heart was 16.5 cm. and the transverse thoracic diameter was 28 cm. The blood 
■\Vassermann was negative. The basal metabolic rate was minus 10 per cent. 

Clinical Coarse . — In spite of periods of absolute bed rest, promotion of relaxa- 
tion and sleep and various additional therapeutic measures, the clinical course was 
progressivelj’’ downward. The dyspnea became a very prominent feature with dis- 
tressing periods of orthopnea, and in time anasarca developed. There was no 
particular alteration in the blood pressure, and the cardiac rhythm was regular 
except for an occasional auricular and- ventricular prematui’c contraction. TJie 
heart sounds gradually became distant and the gallop rhythm more conspicuous. 
The electrocardiogram taken at the time of the first examination presented a left 
axis deviation with a slight slurring and some increase in the duration of the QRS 
complex. Later there was a gradual reduction in the amplitude of the chief 
ventricular deflection. The patient died March 3, 1933. 

Pathological Begort. — (The mitopsy was limited io the examination of the heart.) 
The heart weighed 400 gm. There was a rather extensive dilatation of the left 
ventricle wdth a mural thrombus in the left ventricle and right auricle. The 
myocardium presented a moderate degree of fibrosis involving particularly the 
subendocardial layera of the left ventricle. The changes in the coronary arteries 
involved particularly the smaller branches as shown in the microscopic sections. 

Histological examination: Sections were taken from the anterior wall of the 
left ventricle, apex of the left ventricle, the interventricular septum and the right 
auricle. In the section from the anterior wall of tlie left ventricle there was an 
absence of the cross striations of the subendocardial muscle cells, and these fibers 
were swollen and stained pale blue. One area of the endocardium showed an 
adherent and partiallj' organized thrombus. Several small areas of infarction, 
acute, subacute and old were seen. Over the entire section the muscle fibers appeared 
somewhat atrophic and the vessels were thickened. Two of these vessels showed 
partiallj’’ organized thrombi. In the section taken from the apex of the left 
ventricle the mural thrombus was considerablj’ thicker than that presented in the 
above section. The cardiac musculature likewise showed varying degrees of degen- 
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eration. In, the section from the interventricular septum there was a rather exten- 
sive degeneration of the muscle cells with young fibrous tissue proliferation. The 
section from the right auricle was composed largely of oigaiiir.ed thrombus. The 
auricular muscle stained poorly and showed some vacuolization. 

COMMENT 

The above case report is that of a young woman in whom the clini- 
cal diagnosis of probable coronary artery disease was verified by 
necropsy. The histological examination showed extensive degenera- 
tive changes in the myocardium, secondary to sclerosis and occlu- 
sion of certain of the smaller coronary vessels. 

While sclerosis of the coronary arteries producing cardiac disability 
is rare in women of this age, the possibility must he borne in mind, 
particularly in the absence of other etiological factors. In this patient 
the presence of a nodular goiter directed attention to the possibility 
of a th^wotoxicosis, but at no time were there any apparent clinical 
manifestations of this condition. 

Note. — wish to acknowledge my indebtedness to Dr. J. W. Kernolinn of tlic 
Department of Pathology, hfayo Clinic, for the pathological report. 
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A Pl.KA FOR UXIFOKMITY IN THE BIOLOGICAL STANDARDIZATION OF COM- 

:mercial Prfa’arattons of Digitalis 

To the Editor of the American Heart Journal: 

The chemistry of the digitalis glucosides is, as yet, hut imperfectly un- 
derstood. Chemical assay is therefore not feasible, and it is necessary 
to resort to tlie technic of biological .standardization. Mo.st of the dig- 
italis products now marketed in America arc so standardized. 

Tlie jiresent situation Avith resjiect to the biological assay of digitalis 
is unsatisfactory both to practitioners of medicine and to the manu- 
facturing drug firms. The A'arious faetors Avhich lead to confusion are 
as folloAvs: 

1. The one-hour frog method is official in the Pharmaco])cia of the 
United States. 

2. Other methods of assay haA'c been de\'ised, and one or another of 
these is emjiloyed for the standardization of commercial ])roducts, e.g., 
the cat method of Hatcher and Brody, the guinea-pig method of Yander- 
kleed, and the Magnus modification of the Hatcher-Brody technic. The 
establishment of an international unit has also been attempted, and at 
least one firm markets a preparation said to be assayed in terms of this 
unit. 

3. There is abundant e\'idence Avhich indicates that the cat method of 
Hatcher and Brody yields uniform and reliable results, and that the 
relatiA’C potencies of different jircparations, as determined by this 
method, apply to human dosage. When a specimen is found to be tAvice 
as acth^e as another by this method, it is also tAvice as actiA^e in man. 

4. No standard of potency lias been established for preparations that 
are assayed by the cat method. Thus, 1 c.c. of a gTA^en tincture may con- 
tain the equiA'alent of % cat unit; 1 c.c. of another tincture may contain 
2 eat units. Tablets, pills and caiisules Amry in like fashion. 

When the physician prescribes digitalis, he is entitled to receive a 
dependable and uniform product. The drug manufacturer requires, 
and is anxious for, guidance and support from the medical profession. 
He is confronted on the one hand by the U. S. Pharmacopeia, Avhich sets 
its stamp of approAml upon the frog unit; and on the other hand, by a 
majority of competent cardiologists and pharmacologists, aaUo favor 
the use of the cat unit. 

The Heart Committee of the Ncav York Tuberculosis and Health As- 
sociation has, for a number of years, distributed to its constituent cardiac 
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Clinics tablets of digitalis leaf standardized l^y the cat inclhod of Hatcher 
and Brod 3 ^ The tablets have been made np to the strength of one cat 
unit, one-half cat unit, and two cat units. The experience with this 

preparation has been entirely satisfactory. 

On the basis of the facts cited, the following recommendations are 
made b}'' the Heart Committee of the New York Tuberculosis and Health 

Association : 

1. For the present, and until further laiowledge may necessitate a 
change in point of view, digitalis preparations should be sUmdaidized 
by the cat method of Hatcher and Brody. For convenience the exact 
procedure noAv folloAved in Dr. Hatcher’s laboratory is appended. 

2. In marketing commercial ]n'oducts, lipuid preparations of digitali.s 
should bo put up so that 1 e.c. (15 minims) contains the equivalent of 1 
eat unit. 

3. In marketing tablets, pills or capsules of digitalis, each of these 
should contain the equivalent of 1 cat unit. Tablets, pills or capsules 
containing stated fractions or multiples of 1 cat unit may be dispensed, 
if desired. 

It is hoped that the manufacturing drug firms Avill adopt these simple 
suggestions, for by so doing they will be rendering a real service to the 
members of the medical profession and their patients. 

These recommendations have been approved by the Executive Com- 
mittee of the American Heart Association. 


APPENDIX 


The cat inctliocl of Hatclior ajul Brody, ns carried out in the Depurlinenl of 
Pharmacology of the Cornell University Medic.al College, is as follows; 

The digitalis leaf to he assayed is first made uj) into a tinctnre, in accordance 
ndtli the directions given in the U. S. Pharmacopeia. Tlie tincture is then diluted 
twenty times with physiological salt solution. The diluted tinctnre is injected slowly 
and continuously from a burette into the saphenous vein of the cat until death re- 
sults trom ventricular fibrillation. The rate of injection is such that the total dose 
is injected in about ninety minutes. The test may be made during liglit ether 
anesthesia j or only local anesthesia may be employed, 1 per cent uovocainc being 
injected or 10 per cent phenol being rubbed into the skin for the exposure of the 
vein. Six cats are usually employed for one test. Pregnant, lactating or excessively 
fat animals are not used. 

The cat unit latency of the preparation is the average of the results obtained witli 
the group of animals and is expressed as the volume, in cubic centimeters, of undi- 
luted tincture per kilogram of the animal required to cause death under the conditions 
described. The amount of leaf contained in this unit of tincture is readily calculated. 

(Signed) Digitalis Committee. 
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Selected Abstracts 


Clawson, B. J.: Eolation of Allergy to General Eesistance in Streptococcic In- 
fection. J. Infect. Dis. 53: 157, 1933. 

A study of tlie relation of allergy to rc.sistancc was made in two .scries of 
animals. One group was rendered hypersensitive to streptococci, the other was 
made highlj^ resistant to streptococci without the allergic state developing. The 
rate at which living streptococci were removed from, the blood and liver follow- 
ing intravenous injections was compared in these two series and in normal ani- 
mals. The height of the streptococcic agglutination titer was also compared in 
the three series of animals. It was found that organisms were not removed from 
the blood stream as rapidly in fifteen minutes in tlio allergic animals as in the 
normal animals. This suggested some harmful factor associated with the phe- 
nomenon of allerg}'. After two hours, however, a greater number of streptococci 
per gram of liver wore killed in the allergic animals than in the normal animals. 
This difference was but a slight one. On the other hand, in the animals w'hich 
were made resistant without allergy developing, organisms in the blood stream 
and in the liver wore killed at a much greater rate than they were in cither the 
normal or the allergic animals. 

The findings in the c.Kpcriments suggest that the allergic state is not neces- 
sary in the development of general protective resistance to streptococci. It even 
seems that allergy may be harmful from the standx)oint of its effect on the 
phagocytic cells. It should not be said, probably, that allergy in general is a 
harmful concomitant x>henomcnon associated with resistance, for, from the stand- 
point of repair of tissues, allergy might be looked on as being useful, since the 
growth of connective tissue is stimulated. In the light of the foregoing experi- 
ments, it would seem that allergy bears no useful relation to general resistance 
in streptococcic infection, as indicated by idmgocytosis, and that at times there 
may be a harmful relation. 

Griffith, George C., Chamberlain, C. T., and Kitchell, J. E.: A Simplified Appara- 
tus for Direct Venous Pressure Determination Modified Prom Moritz and V. 

Tabora. Am. J. M. Sc. 187: 371, 1934. 

A simple and inexpensive apparatus for venous pressure dotcrniination by the 
direct method of Moritz and v. Tabora is described together with the technic for 
its use. Attention is directed to the importance of estimating venous pressure in 
the diagnosis and treatment of cardiovascular disease. 

Eyster, J. A. E., and Hicks, Earl V.: Effect of Eespiration on Cardiac Output. 

Am. J. Physiol. 104: 358, 1933. 

In dogs under anesthesia in which stroke volume and minute cardiac output 
from the two ventricles is measured by a cardiometer during normal breathing, 
there occur during inspiration a diminished stroke volume and a slight fall of 
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right auricular pressure. The effeetive venous pressure is increased, since the fall 
in auricular pre.ssure is not so great as the fall in intrathoracre pressure. _ ihe 
diminished total stroke volume may be explained by ainumshed left ventricular 
output due to retention of blood in the increased pulmonary bed. 

In the greater reduction of intrathoracic pressure associated with the deep in- 
spirations following vagus section, these effects arc exaggerated, and in addition 
the diastolic volume is increased. 

Under the conditions of these experiments, marked alterations of breathing 
have little effect on the average stroke volume or on minute volume when con- 
sidered over a period of time. It is believed that the influence of the extent 
of breathing on venous return is not so great as is ordinarily stated. 


Brams, W. A., Katz, L. H., and Kolm, L.: The Effect of Abdominal Distention 

and Eelease on the Blood Pressures in the Arteries and Veins. Am. J . Physiol. 

104: 120, 1933. 

The effects of induction and release of abdominal distention on venous pres- 
sure, arterial pressure and cardiac stroke volume were studied in a series of 51 
experiments. 

The pressure in the inferior vena cava rose when the abdomen was distended 
while the pressure in the superior vena cava ivas slightly elevated or but little 
affected. Eelease of distention resulted in a prompt return of pressure in the 
inferior vena cava to normal. Those results were approximately the same in ex- 
periments of short and long duration and in instances where distention was main- 
tained for several days. 

Arterial pressure fell in 27 of 48 experiments during distention of the abdojnon 
and rose in 21 others. In 34 experiments a fall to a level below the normal oc- 
curred on abrupt release of abdominal distention. This was mirrored in the 
changes in stroke volume. Tlie interplay of various factors responsible for these 
changes is discussed. 

On release of distention of the abdomen a fall of arterial blood pressure was 
usually obtained. The fall in arterial pressure was 40 mm. of mercury in some 
instances and was sustained at that low level in a few. 

The clinical importance of such a fall in arterial pressure on release of dis- 
tention as a cause of syncope and death is discussed and adrenalin suggested as 
a rational form of treatment in the emergency. 


Gregg, D, E., and Wiggers, C. J.: The Circulatory Effects of Acute Experimental 
Hypervolemia. Am. J. Physiol. 104: 423, 1933. 


The plasma and erythrocyte volumes of anesthetized dogs were increased ex- 
perimentally by slow infusion of sedimented corpuscles during which pressure 
changes in the veins, ventricles and central arteries were followed, the latter 
two by use of optical manometers wdth a high figure of merit. In addition, altera- 
tions in urinary secretion, spleen volume, intrathoracic prcs.sure, etc., were in- 
cidentally recorded. 


The experiments demonstrated the following points: (1) While a considerable 
volume of blood can be accommodated by the dilatation of capillaries and venules 
in various blood reservoirs of the body, including the spleen, the maximum capac- 
ity available under normal conditions is not adequate to prevent an increased re- 
urn to the heart during polycythemic hypervolemia. (2) The heart enclosed by 
Its pericardium within the closed chest does not differ in its response from that 
an exposed heart up to the limits imposed by very large increases in blond 
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given by iiic larger pulse pressure, the iiiordiiiulc inereiise in tlu; ]>liiises of 
isometric contraction and systolic ejection as rvell as by flie contour cluinges ex- 
hibited by the pressure pulses, 'rhese are discussed, (li) .Intraventricular pres- 
sure curves obtained from expo.sed hearts enclosed naturally within the peri- 
cardium indicate that initial tension increases considerably, thus supplying the 
force by ^Yhich dilatation up to the cajmeity of the pericardial sac can be pro- 
duced. The increased initial tension and length therefore represent the eoefiicients 
which determine the steeper gradient of the ventricular pressure pulses and tlr 
prolongation of systole. (4) During the early stages of hypervolemia, the in 
creased systolic output i.s mainly re.spon.sible for the eloA-ation of arterial pre.s.sure, 
for the gradients of the diastolic portion of the pre.ssurc curves do not change. 
This indicates that the increase in peripheral resistance occasioned by greater 
blood viscosity is nicely counterbalanced by dilatation of peripheral arterioles and 
widening of the capillary beds. These experiments supply no information as to 
whether this in^olvos active changes in the caliber of ])erii)hcral vessels or 
entirely passive. AVhen the jiolycythemie hy]>ervolemia becomes extreme, how- 
ever, the clTccts of increased viscosity dominate and an increased peripheral re- 
sistance undoubtedly occurs. This is shown by the changing contour of the 
.systolic portion of the pre.ssure ])ulses and by a slower gradient of the diastolic 
decline as well. 

Parkinson, John: The Radiology of Heart Disease. Brit. Jf. .T. 2: 501, 1033. 

In the modern diagnosis of cardiovascular disease, radiology takes an essential 
and important place comparable with that of electrocardiography. Radiology, 
when available, replaces percussion, for it is more accurate and informing and 
thus contributes to the progress of cardiology. Examination of a patient with 
doubtful or serious cardiac disease is incoinj)lete unless it includes radiological 
examination. Diagnosis is confirmed and extended, and prognosis may be af- 
fected. 

An anterior film alone is often inadcfiuate. Radioscopy in the anterior and 
both oblique positions should be followed where necessary by teleradiograms in 
the anterior and left oblique, with or without the right oblique. ' 3Dnlargem6ut of 
the heart should not bo diagnosed in the absence of an adequate cause and con- 
verging evidence unless radiological confirmation is obtained. Apparent enlarge- 
ment is not infrequently duo to scoliosis. 

The difficulties .surrounding the radiologv' of heart disease largely disappear 
if instead of looking for general enlargement, attention is centered upon the par- 
ticular chambers or great vessels which may be modified in size, shape, or position. 

•Special care should be taken not to distress a patient by confronting him 
with x-ray findings as if they implied an additional diagnosis or a complication 
which magnified his disease. 

Kerley, Peter: Radiology In Heart Disease. Brit. Itl. J. 2: 594, 1933. 

This article describes briefly the technic of radiology of the, heart and the 
findings in both normal hearts and those which are cither small, enlarged, or 
which show changes in shape due to valve disease. The author also describes the 
findings in the lung due to hyperemia, edema and collapse, associated with heart 
disease. 

Bramwell, Crighton: Radiological Diagnosis of Cardiac Enlargement. Brit. 

M. J. 2: 597, 1933. 

- The author believes that x-ray examination makes three important contrihu-- 
tions to the diagnosis of pathological cardiac enlargement. 
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It can tell us all that wo cun learn from percussion and palpation regarding 
cardiac enlargement, and it can do so with a much higher degree of accuracy 
than cither of these methods. 

It can give us reliable information regarding slight changes in heart size and 
the slighter degrees of cardiac enlargement, even under the most unfavorable cir- 
cumstances. Although .slight cardiac enlargement by itself is not .snfticient ground 
on which to base a diagnosis of heart disease, it may sway the balance when 
considered in conjunction rvith evidence from other sources. 

X-ray examination can reveal changes in the shape of the heart outline. These 
changes toll us which chambers arc enlarged and so indicate the probable cause 
of the enlargement. This is the most important contribution. The frontal sil- 
houette alone gives us a far more accurate idea than docs percussion of the shape 
of the heart, whereas examination in the two oblique jjositions yields additionnl 
information of which percussion can tell ns little or nothing. 

Kosenthal, Maurice: An Anatomic Mechanism in the Production of the Flint 

Murmur. Arch. Path. 16; 862, l'.)3S. 

Two cases are presented in which a definite organic lesion not involving pri- 
marily the mitral valve seem to ofl'cr a definite and concrete explanation for the 
Flint murmur that was observed during the life of these two persons. Although 
the original ancl the previously given modified explanations of the mechanism 
of the Flint phenomenon arc possible, they arc not based on demonstrable patho- 
logical and analomicul chaiigcs; and this fact, associated with the vagueness of 
the clinical definition of the murmur, greatly weakens the value of this phe- 
nomenon for the clinician. If only one type of this murmur, therefore, can bo 
established as caused by variation in anatomicai structure, it would seem that 
it can be definitely removed from the group of poorly uudevstood functional mur- 
murs and included in that of the important organic murmurs of morphological 
significance. It is believed that one cause of the Flint murmur is a mechanical 
deformity or distortion of an otherwi.se c.sscntially normal anterior flap of the 
mitral valve. 

The deformity consists of a bulging of the anterior mitral leaflet with the 
formation of a culdesac on the auricular surface. This may bo produced by vege- 
tation on the posterior aortic cusp or by a calcified posterior cusp stilTcncd and 
fixed in its diastolic phase. Various aortic diseases may produce this deformity, 
such as bacterial infection, active or healed, arteriosclerosis and occasionally 
syphilis of the aorta, if it is complicated by secondary involvement and sclerosi.s 
of the aortic cusps. 


Mackinnou, A. U.: The Rhythm of Paroxysmal Tachycardia. An Electrocardio- 
graphic Study. Quart. J. hied. 3: 1, 1934. 

The common type of paroxysmal ventricular tachycardia is markedly regular, 
and such irregularities as arc present between eonseeutivo beats are so slight as 
not to be appreciable by the human ear as departures from a regular rhytlim. 

Certain cases of auricular paroxysmal tachycardia may be clinically irregular. 
In the absence of the so-called Gallvardin’s sign— the prc.scuco of a venous wave 
u, the neck beating at a definitely .slower rate than the ventricle— clinical irregu- 
larity in a typical paroxy.smal tachycardia should not be held to indicate the 
presence of a ventricular origin until the electrocardiogram has proved the diag- 
nosis beyond dispute. 

As a general rule cases of auricular paroxysmal tachycardia have a greater de- 
gree of regularity tlian those tachycardias arising in the ventricle 
. Irregularity in paroxysmal ventricular tachycardia may he due to: (I) con- 
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duction disturbances between focus and ventricle; (2) focal stinuili being too 
weak to excite the ventricle, or ventricular excitability so diminished that the 
ventricle does not respond to normal stimuli; (3) stimuli arising irregularly from 
a single focus; (4) stimuli arising irregularly from more than one focus in the 
ventricle. 

Moliler, Henry K., and Crawford, Baxter L.: The Pathologic Changes in the 

Heart in Auricular Pibrillation. Am. J. SI. Sc. 187: 171, 1.034. 

The hearts of 15 fibrillators and 7 nonlibrillators having an etiology of rheu- 
matic fever and mitral valve lesions were studied pathologically. 

The hearts of 9 fibrillators with arteriosclerosis as the etiological factor were 
also studied. They had sclerotic changes in mitral valves in 7 with apparently 
normal valves in 2 cases. 

There were no pathological changes common to all eases of auricular fibrilla- 
tion found in this series of hearts. Notliing in this investigation indicates that 
the type of pathological lesion found at autopsy can of itself be re.sponsible for 
the onset and continuation of auricular fibrillation. Etiological factors apparently 
determine the type of pathological changes to be found in the heart to a greater 
extent than does the presence or absence of fibrillation. 

King, John T.; Bundle Branch Block. Am. J. AL Sc. 187; 149, 1934. 

An analysis of 155 instances of bundle-branch block in 150 patients is reported. 
In 17 eases in which autopsies were obtained a close correlation between clinical 
and pathological diagnoses w.as found. A7o attempt ivas made to determine the 
exact site of the lesion. 

Alost instances of bundle-branch block occur in association with degenerative 
heart disease; though a smaller number are found with about equal frequency 
in syphilitic or rheumatic infections of the heart. The proportion of cases is 
somewhat higher in general in rheumatic subjects than in sj'philitic. Laborers 
are more prone to develop bundle-branch block than are professional men or 
housewives, while business men are neither predisposed nor immune. The con- 
dition is more common among men than among women. 

In oi'der of incidence, the important pathological disorders of cardiac mechan- 
ism may be listed as follows; auricular tibrillation, bundle-branch block, auriculo- 
ventricular heart-block, auricular flutter. First degree heart-block and complete 
A-V dissociation are found commonly associated with bundle-branch block. 
Bundle-branch block should be considered one of the rather common as well as 
important clinical entities. A'’arious auscultatory phenomena encountered in 
bundle-branch block are recorded in diagrammatic form. It is emphasized that 
such signs are of less aid in establishing a diagnosis based on physical signs than 
are the surface movements of the cardiac apex. 

The prognosis is very grave regardless of the etiology, though it appears best 
in those cases of rheumatic etiologjn The occurrence of bundle-branch block 
seems to add nothing to the gravity of the prognosis of syphilitic heart disease. 
Since some individuals live for a considerable period with bundle-branch block, 
perhaps, its presence should be looked upon as an omen of very grave import 
rather than as a necessarily fatal handicap. 

Maher, C. C., Sullivan, C. P., and Scherihel, C. P.: The Effect Upon the Electro- 
cardiograms of Patients With Kegular Sinus Mechanism of Quinidin Sulphate. 

Am. J. M. Sc. 187: 23, 1934. 

Quinidine sulphate was administered to 19 patients with no general toxic effects. 
The electrocardiograms in the majority of these patients showed changes only 
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in regard to the T-wavc within from twenty-four to seventy-two hours if orally 
administered and immediately if given intravenously. These changes varied from 
mild flattening to sharp inversion of the T-waves. The duration of the effect 
varied from three to six days on oral administration and three hours on intra- 
venous administration. Changes in the QffS and P-R intervals are presumably 
effects produced by intoxicating doso.s. 


Gold, Harry, and Klumpp, Margaret M.: On the Alleged Antagonism Between 
Digitalis and Diphtheria Toxin. Am. .T. hi. Sc. 185: 509, 193?>. 

Results of this study show that digitalis does not afl'ord any jirotection against 
poisoning by diphtheria toxin in the cat. It is probable tliat the same is true 
in man. It was also observed that very large doses of digitalis may hasten the 
death of animals poisoned by diphtheria toxin. Reference also is made to the 
fact that the routine use of digitalis in pneumonia does not lessen the mortality 
from that disease. 


Evans, William, and Hoyle, Clifford: The Prevention and Treatment of Individ- 
ual Attacks of Angina Pecteris (Angina of Effort). Quart, J. hted. 3: 105, 

1934. 

A series of 122 patients with angina pectoris was observed over a period of 
throe years with special reference to the comparative value of vasodilator drugs 
for the immediate treatment and prevention of attacks. The coini>arativc results 
show that glj'ccryl trinitrate in tablet form when absorbed from the mouth is 
by far the most effective agent for relieving attacks and for their immediate 
prevention. Eighty-six per cent of the patients obtained groat relief and a fur- 
ther 11 per cent moderate relief. Other preparations of glyceryl trinitrate and 
other remedies tried did not give such good results. Glyceryl trinitrate tablets 
should deservedly hold the flrst place in routine treatment. This is more ad- 
visable because they rarely cause objectionable .symptoms; they arc ca.sj’ to store 
and carry so that they arc always available for immediate use, and they arc 
cheap. The only practical disadvantage is that they deteriorate in strength, 
especially when exposed to air and heat, so that they should he used preferably 
within two months of manufacture. Amyl nitrite proved to be disappointing for 
the relief of attacks, and it can be recommended only for those rare cases where 
glyceryl nitrate fails to relieve. It has the further disadvantage of being use- 
less for the prevention of attacks. 

The use of glyceryl trinitrate tablets immediately before expected anginal at- 
tacks is a safe means of preventing pain and should bo used far more widely 
in routine treatment than it is at present. In onr series 84.5 per cent patients 
obtained great benefit and a further 12.5 per cent moderate benefit by using the 
drug in this way. This is a greater measure of improvement than urns found 
from any of the remedies tried in this investigation of continuous treatment. 
Most patients preferred to take the drug at their own discretion, and this method 
of administration proved more effective than when it Avas taken at short fixed in- 
tervals, except for those patients rvho could not predict attacks Avith certainty. 
Ho harmful effects Avere met from such treatment; though patients used the drug 
freely for npAvards of two to three years, and often this enabled them to take 
more physical exertion and load a fuller life than had previously been possible. 


^“^ 2 :^ 483 , 

tested r'T'® ? individuals suffering from complete heart-block has been 
by the intravenous administration of gh of atropine sulphate. Re- 



550 


THE AMERICAN HEART JOURNAL 


peated electrocardiograms taken at intervals before and after tlie injection 
demonstrated that in every case studied this drug produced an acceleration of 
the ventricular rate. 

The prevailing view, constantly repeated in the literature, that atropine has 
little or no effect on the frequency of the ventricles is incorrect and requires 
modification in the light of the peculiar character of the acceleration. The dose 
of atropine was sufficient to produce almost complete paralj'sis of the vagus. The 
maximum increase in ventricular rate was 47 beats per minute, representing a 
gain of almost f)G per cent over the initial rate. The minimum acceleration was 
1.2 beats per minute, giving a percentage increase of 5.4. In only one case was 
the gain after atropine within the maximum range recorded under similar resting 
conditions. 

The initial ventricular rate is the important factor in determining the amount 
of acceleration for a given dose of atropine, the higher the resting rate the 
greater the response to atropine. At low initial rates atropine produces but 
little acceleration. The coefficient of correlation between the rate before atropine 
and the amount of ventricular acceleration produced by it is +0.97 — a very sig- 
nificant relationship. 

The law expressing the degree of acceleration for a given initial ventricular 
rate has been represented by a straight-line formula. Actuall 5 q this is probably 
not the best expression. It would appear from the available data that a loga- 
rithmic curve might be the best expression, but the facts arc too scanty to allow 
of its exact determination. 

The use of atropine as a moans of distinguishing the bradycardia of complete 
heart-block from other causes is therefore unreliable. Further work requires to 
be done on this subject with the object of determining the precise nature of the 
response to atropine in those cases of slow heart action in which complete heart- 
block is not present. 

To obtain a decided effect on the ventricular rate, it is necessary to use an 
amount of atropine approaching the full paralyzing dosej gr. of atropine given 
intravenously in 1 c.c. of normal saline was found to be sufficient. 

In contrast to the ventricular response, the auricular acceleration does not 
appear to bear any relation to the initial auricular rate. Further, the auricular 
range after atropine does not boar any relation to the ventricular. The amount 
of auricular acceleration varies irregularly from individual to individual. The 
auricular response probably reflects no more than the degree of vagal tone exist- 
ing at the moment of injection. 

The nature of the ventricular response suggests that the amount of accelera- 
tion is determined by the inherent rhythmicity of the specialized tissue at the 
center of impulse production. It is suggested that when the lesion producing 
the block is situated in the uppermost part of the conducting tract, a greater 
response will occur after atropinization than Avhen the center of impulse pro- 
duction lies at a lower level in the specialized tissues. 

As a converse of this, it may be suggested that vagal stimulation is more 
likely to be effectiv-e in slowing the idioventricular rate when the center of im- 
pulse production lies high in the conducting tract. 

Gilchrist, A. Bae: The Action of Adrenalin in Complete Heart Block. Quart. 

J. Med. 2: 499, 1933. 

Twelve cases of complete heart-block have been tested with repeated sub- 
cutaneous doses of adrenalin in an attempt to discover the factors which govern 
the response of the heart to this drug. 
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After a subcutaneous dose tlie drug comes into action ^vitli surprising rapidity. 
Acceleration of auricles and ventricles maj^ occur rvitlun from two to four 
minutes of the injection. 

The amount of ventricular acceleration induced bears a striking relationship 
to the rate existing immediately before the injection. High initial rates arc fol- 
lowed by little or no gain in rate, slow rates by pronounced acceleration. This 
means that the state of the heart at the time of the drug's administration de- 
termined the heart’s response. 

By plotting the observed increment against the corresponding initial rate, it 
is found that for a group of eight cases the reaction approximates to an almost 
perfect series of decreasing exponentials for increasing ventricular rates. 

"Within a certain range, of dosage, the amount of adrenalin injected makes 
little or no difference to the ventricular response at a given ventricular rate. The 
optimum response to 0.5 c.c. adrenalin for various initial rates has been calculated 
and compared with the reaction observed after doses of 0.25, 0.75 and 1.0 c.c. 
in the same subjects. The gain in rate after these doses is to all intents similar 
to that recorded after 0.5 c.c. This implies that the response of the heart is 
determined, not by the size of a dose in the usual therapeutic range but by the 
rate of the heart existing at the time of the injection. In other words, for a 
given initial rate 0.25 c.c. of adrenalin will produce as much acceleration as a 
dose four times that amount. 

This phenomenon is discussed in the light of the known laws which govern 
enzyme action. The independence of the size of the dose and the response 
recorded, suggests that a surface action is involved and that adrenalin is being 
absorbed on some (? enzyme) surface, as an essential condition of its action. 


The observation that the initial rate determines the degree of acceleration 
finds support in blood pressure studies. Lyon has suggested that the reaction to 
adrenalin obeys Weber’s law, in that the amount of elevation in the systolic 
blood pressure after uniform doses of adrenalin depended upon its level at the 
moment of the injection. 


It has not been found possible to dciuoustrate as close a correlation between 
the initial auricular rate and its increment after adrenalin as that observed in 
the case of the ventricles. The auricular response is modified to some extent, 
particularly in those cases in which the magnitude of tho ventricular response is 
maximum, that is, when the initial ventricular rate is relatively low. 


It would appear probable that reflex vagal influences, induced by a marked 
ventricular reaction, limit the auricular response. Tho amount of limitation is 
apparently determined largely by the initial ventricular rate. 

The course of the reaction to a subcutaneous dose of adrenalin varies as 
much in complete block as it does in the normal beating heart. The maximum 
auricular and ventricular reactions arc not necessarily synchronous. As a general 
lule the auricles attain to the height of their reaction before the ventricles have 
completed their acceleration. An increased frequency of both chambers of the 
heart persists after the blood pressure rise has returned to its preexisting level 
No untoward symptoms resulted from the use of the drug. Belcase from the 
pltientr' “ experiments performed upon these eight 

= ‘SS-rv™ 
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Tested daring two-to-one rhythm, complete block was induced. The direction of 
the main ventricular deflection varied according to the nrc.^ence or absence of 
conduction through the main stem of the bundle. During half rhythm the ven> 
tricular complex in Lead III was directed downward, whereas during complete 
di.ssociation its direction was upward. The fact that this man’s lienrt was unduly 
suspectible to adrenalin suggests that in cases of intermittent complete heart- 
block, the temporary failure of conduction, leading to transient complete dissocia- 
tion, may perhaps be associated with the formation within the body of sonic 
subtle and complex ehemical sub.stance analogous to adrenalin or adenosine. 

Hitchcock, Charles H., Camero, Anthony E.., and Swdft, Homer F.: Perivascular 

Eeactlons In Lung and Liver Following Intravenous Injection of Streptococci 

Into Previously Sensitised Animals. J. Ex[>cr. ^^ed. 59; 2S-I, lO;-:}. 

Intravenous inoculation of small doses of noidicmolytic. streptococci into pre- 
viously sensitized rabbits is usually followed by the appearance of perivascular 
cellular aggregates in lung and liver. The characteristic cell in the.«e aggregates 
is moderately large with vc.'^icular nueleus, prominent nucleoli, clungied chromatin 
and basophilic endoplasm. These characterijf ies together with the additional evi- 
dence of phagocytosis all indicate that the cell probably lias its source in tin* 
reticuloendothelial .cystoni. Further study with vital staining methods and ob- 
servatioms of its behavior toward parenterally introduced India ink .«hotibl fur- 
nish more conclusive evidence as to its identity. Whether it is produced directly 
by the presence of the bacteria or secondarily to the destruction of some other 
cells or tissue is also a problem for the future to unfold. In ndditinn, the le.sions’ 
contain small lymphocytes and granulocyte.*-. 

This lesion is easily difiTerentiatcd by architecture and cell content from 
normally occurring lymphoid aggregates and from spontaneou.-f rabbit hepatic 
cirrhosis. This mononuclear response does n(>t occur when the intravenous dose 
is large enough to cause death of the nuinial within twenty-four hours. 

In spleen and lymph nodes the characteristic TiasopliiJic coils which noniuilly 
occur in these orgnn.s are present in increased mimbers. 

Following intravenous treatment alone, or sensitization without iritrnverious 
treatment, the lesions occur much less frequctitly and when present are smaller 
and more sparsely found. 

Inasmuch as in the present scries of e.vperiniont.< tlii.-* lo.sion was not found 
in normal animals .and infrequently in those treaterl by tlie intravenous; route 
alone, it is suggested that the jirelimiiiary .sensitization serves to enhance the ani- 
mat’s reactivity to the antigen. In this wny a .‘^mall dose of bacteria is cajctble 
of eliciting the cellular idienonienon which in unsensitized animals appears only 
when larger doses of antigen are administered over longer jieriods of time. Too 
large a dose of antigen, however, results in .'■hock and cell <le.ath rather tlmn in 
pronfer.ation. 


Dawson. SL H.; A Comparative Study of Subcutaneous Nodules In Ehcumatlc 
Fever and Eheumatoid Arthritis. J. Kxper. Afe.i. 57; Sb', IfMX 

The present comiiiunicatioi; pre-ents a detailed i-tnily of the fiabi-ntiincssu-' 
nodules in rheumatic fever and rheumatoid arlhfitis. It t* fielii-vcd that tin' 
study has shown that these lesions are highly characteristi*- of the two disc;!**,"' 
and they repres'-at diflerem pha'-es of the ,«.ame fninlan'-cntal, pathobigicaJ pfoccwi. 
It i*- prfibnbb' that the two diseases represent ditrerent responses of afTccfed in- 
dsvi'luaJs t*s the snnie etio’i.igical agent. 
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Keefer Chester S.; Parker, Frederic, Jr.; Myers, Walter K.; and Irwin, Ralph L.: 
Relationship Between Anatomic Changes in Knee Joint With Advancing Age 
and Degenerative Arthritis. Arch. Int. Med. 63: 325, 1934. 


In a study of 100 knee joints from 77 consecutive patients wlio died of various 

diseases the following facts were determined: 

Anatomical changes were noted with increasing frequency with advancing ago. 
The patella showed alterations in 81 per cent of the cases, the iutcrpatcllar 
groove in 65 per cent, the lateral condyle of the tibia in 64 per cent, the medial 
condyle of the tibia in 55 per cent, the medial condyle of the femur in 43 per 

cent, and the lateral condyle in 36 per cent. 

The erosions were commonest over the areas of contact which were subjected 


to the greatest movement, strain, weight-bearing, and injury. 

The changes were identical in males and females, and there was no relation- 
ship between the extent of the lesions in the joints and the symptoms referable to 


the joints. 

There was no correlation between the lesions in the joints and tlie degico of 
arteriosclerosis or any other particular type of disease process. 

The gross anatomical changes were indistinguishable from those previously 
described in degenerative arthritis. 

The various factors which arc of importance in the development of degenera- 
tive arthritis arc discussed. They include the nging of tissue, wear and tear, 
strain, trauma, occupation, and .static deforndtics. 

Prom these observations it seems difficult to escape the conclusion that the 
changes seen in the joints with increasing frequency with advancing ago are 
identical with those which have been described previously as characteristic of 
degenerative arthritis. If this is true, there is justification for the belief that 
degenerative arthritis is a process associated with tlic aging of the tissues of the 
joints. This conception is essential for a complete undevstunding of the patho- 
genesis of this disorder. Added to the process of involution, such fnetons as 
gross trauma, hemorrhage and .static deformities exaggerate the condition. The 
end-result depends upon the summation of these factor.s. 


Weinstein, Israel, and Styron, Norma C.: Bacteriologic Study of Throats in 
Rheumatic and Nonrheumatic Fever With Special Reference to Hemolytic 
Streptococci. Arch. Int. Mod. 53: 45.3, 1934. 


The present investigation includes 321 eases and SIO culture, s from Montcliore 
and Bellevue Hospitals, Nciv York City. Porty-six per cent of the subjects wore 
patients with rheumatic fever. Fifty-eight per cent of the cultures were taken 
from this group. The remainder were taken from normal persons and from n*'.- 
tients suifering from diseases other than rheumatic fever; these constituted the 
control group. In more than one-third of the cases of rheumatic fever and in 


more than one-half of the cultures taken from this group tlie patients were under 
fifteen years of age. 

The percentage of cultures which were positive for the hemolytic strcptoeoccuf: 
Taken from the throats of patients with rheumatic fever was approximately the 
same as that found in other persons. In these positive cultures, the hemolytic 
streptococcus appeared to be no more abundant in those obtained from patients 
with rheumatic fever than in those from other persons. 

Throat cultures of patients with rheumatic fever taken during an infection 

iiicidence of hemolytic strepto- 
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Infections of the upper respiratory tract were fouiul associated with i'frc/do- 
coccu-a hcmoIi/(icu.i more frequently in young persons who were suffering from 
rheuiiiatic fever than iii older patients with this disease. 

Hemolytic streptococci were found more frequently as.sociated with infection 
of the upper respiratory tract in rheumatic persons who had not had their tonsils 
removed than in those on whom ton.sillcetomy had hcen performed. 

Green-producing streptococci were present in all the cases and in 90 per cent 
of the cultures. They predominated in 69 per cent of the case.s and in 73 per 
cent of the cultures. 

Indifferent streptococci were present in 96 per cent of the cases and in S8 per 
cent of the culture.s. They predominated in 3 per cent of the cultures. 

In the groups studied, exacerbations of acute rheumatic fever occurred as fre- 
quently when there was no infection of the throat as when there was. 

The fact that the majority of those in whom exacerbations of rheumatic fever 
occurred were persons who had hemolytic streptococci in their throats suggests 
a possible relationship betw'een this organism and the reappearance of the symp- 
toms. 


Schlesinger, Bernard, and Signy, A. Gordon: Precipitin Eeactions in the Blood 
of Kheumatic Patients Following Acute Throat Infections. Quart. J. Hed. 2: 
255, 1933. 

Streptococcal prccipitins can be demonstrated in the blood of rheumatic pa- 
tients following acute .streptococcal throat infection.s. Their formation i.s delayed 
until from the second to fourth week from the onset of nasopluiryugcul itifcctiaii 
(the end of the silent period), and their appearance in jiiost cases foreshadows a 
tendency to a relapse of acute rheumatism. 

The precipitin correspomls to the type of streptococcus ro.spousible for the 
throat infection, but a certain amount of cro.ss precipitin formation may occur. 
The formation of precipitin is regarded a.s one of the manifold reactions wliich 
take place in the patient's defense mechanism during tlie silent period. There 
is thus time for pro]ihylactic mea.'jures if the throat infeetiini has not pa.xscd un- 
noticed. Concentratml aspirin therapy during this period undoubtedly prevents 
serious relap.ses in many cases. It is not infallible and further rc.search is'ork is 
urgently required to- discover .s«ime other motliod wliich i.s still more reliable. 


Laws, Clarence L., and Levine, Samuel A.: Clinical Notes on Bheuniatlc Heart 
Disease With Special Eeferenco to the Cause of Deatli. Am. J. -M. He. 186: 
833, 1933. 


One hundred and forty-eight cum-s of rheumatic heart disea.se were .studiC'l to 
ascertain the cau.se of death. It was found that conge.stive heart failure accounted 
for only 33.1 per cent of the fatalities, acute rheumatic carditi,s for 2.3 per cent, 
peripheral emboli and thrombo.sos for 11,5 per cent, .subacute bacterial endo- 
carditis for 29 per cent, and 3.-1 per cent of the patient.s died of mi.seellancoui* 
cardiova.scular accidents like angin.'i pectoris or acute pulmonary edema. 

The groups of conge.stive failure ami emboli ami ihrombo.se.s were the oldest- 
subacute bacterial endocarditi.s a little younger, and acute rheumatic curditi.s th< 
youngest. 

Tbo.se that had aortic valvular disea-e alone were the o{de,--t (.52.0 ymr.f). Ihi. 
iiiitnil cases came next (42.S y<*.-i.r,s) ami the e.'i-«e.s with combination of ta/rthf 
mitral and tricuspid were youngest (.39 to 3,5 3 'ears). 

There were more than twice as many feinalc.s as m.'dcs <lying of acuSe rJoU 
Ktaiie carditis, the relation was rever.-ed in tin.- gr(>i!p dying of eiuhoii ant 
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thromboses, and the proportion Avas three to two on the side of males in the 
subacute bacterial endocarditis group. 

A past history of rheumatic, fever or chorea was not found witii equal fre- 
quency among the various groups. Athough the authors believe that stenosis 
of any of the valves is, except in rave instartccs of congenital heart disease, prac- 
tically invariably due to rheumatic infection, the imiltiform character of the oaily 
illness prohibits obtaining a positive history in many instances. Ihc gicatei 
the number of valves involved, the more frequently was a positi\'o ])ast history 
obtained. This is true for two reasons; such patients are more liable to have 
had more than one infection and they die at a younger age, so that the early 
illnesses are not forgotten. This explains why patients with aortic stono.sis who 
die at an old age less frequently have a positive jrast liislory. 

In speaking of valvular lesions in this review, except for those case.s dying of 
subacute bacterial endocarditis, stenosis to a greater or lesser extent is meant. 
A striking finding was the great frequency of involvement of the aortic and tri- 
cuspid valves. When the tricuspid valve was involved, the mitral was always 
diseased as well, and frequently the aortic. 

Auricular fibrillation was almost invariable in the emboli and thrombi group, 
very common in those dying of congestive heart failure, much loss common in the 
acute rheumatic carditis group and practicallj' absent in those who died of sub- 
acute bacterial endocarditis. The presence of mitral stenosis is the most common 
accompaniment of auricular fibrillation; although this irregularity occurs occa. 
sionally in patients who have onlj’’ aortic stenosis. 

The average weight of the heart of those dying with congestive failure wa.s 
617 gm., of acute rheumatic carditis or emboli and thromboses about 550 gm,, a 7 id 
of subacute bacterial endocarditis 449 gm. The average weight of the lioart in 
cases of aortic stenosis was 669 gm., of mitral stenosis 474 gm., and of both 6C;.! 
gm. "When the tricuspid was involved in combination with other valves, the 
average weight was about 5.10 gni. The presence of adhesive pericarditis in- 
creased the average weight by about 120 gm. The average weight of 4.3 cases 
with adhesive pericarditis was 054 gm., and of 02 cases with a normal pericardium 
was 534 gm. 

Pericarditis udth or without adhesions was less frequent in the older patients. 
It was most common in the group with acute rheumatic carditis, fairly frequent 

in those with congestive heart failure, and very rare with subacute bacterial 
endocarditis. 
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Dissecting Aneurysms. By T. SJiennan. (A report issued bj’ the Medical Ee- 

search Council.) London. Published by His Majestj-’s Stationery Office, 1934, 

136 pages. 

This very complete study cf dissecting aneurysms by Professor Shennan of Aber- 
deen is based upon an analysis of 300 reported eases, including seventeen investigated 
by the writer himself. 

Both the pathological and the clinical features of the condition are discussed 
fully and interestingly. The author finds that degeneration of the media is a factor 
common to all eases and that in a majority of instances the media gives way before 
the intima. Mnch the commonest cause of death is rupture into tlie pericardial sac. 
It is interesting that syphilis seems to plaj' a relatively unimportant etiological role 
in this form of aneurysm. 

The monograph includes a historical review of the subject and a full bibliography. 
It is procurable in this country from the British Library of Information, 270 Madison 
Avenue, New York City. 

L. A. G. 

Le Dualisme de la Contkaction Cakdiaque. Bj’ F. Ilenrijean. Paris, Masson ct 

Companie, 1933, pp. 350. 

In this account of the mechanism of heart action, which comprises a full 350 
pages, the author gives interpretative analyses, theoretical deductions, numerous 
tracings of electro- and mechanograms, and a fairly thorough review of a considerable 
amount of the e.xperiniental work in the field. 

“The dual mechanism of the cardiac contraction,” as announced by the title 
of the monograph, arouses an exjiectant interest, but one searches vainly for a 
concise statement of the real significance of this phrase. The first section of the 
book is devoted to the electrocardiogram and its relation to certain variations in the 
contractile response of the heart. In this portion consideration is given to the 
response of the embryonic heart of the chick, to the action of chloroform, and to the 
electrical response of the apparently quiescent heart. In each instance the form 
of the electrical disturbance- is discussed in the light of one type of curve which 
is indicative of the physiological e.xcitatory function of the heart and another which 
denotes the predominantly energy-transforming phase of cardiac response. Two 
remaining dimsions of the book have to do with interiiretations of the form of the 
electrocardiogram in their bearing on the postulated dual mechanism, and with the 
role played by the vagus and sympathetic nerves in this twofold type of response. 

From the standpoint of the essentially new observations in the book it may be 
questioned whether sufficient warrant is given for all the space devoted to the sub- 
ject; in fact, much philosophical material might be eliminated without detracting 
from the main thesis. 

D. J. E. 
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CORONARY ARTERIES IN RHEUMATIC PEVER-^Ut 

Howard T. Kabsner, M.D., and Francis Bayless, M.D. 
Cleveland, Ohio 

INTRODUCTION 

' r^HE fact that in the course of infectious diseases lesions of the blood 
A vessels may oeenr has long been knonoL Suppurative inflammations 
maj' originate in any coat of an aifcvy, due to blood dissemination of 
bacteria or as the result of direct extension of an inflammation. Less 
familiar are changes whose origin is uncertain and whose nature is dis- 
puted. It is probable that poisonous products of bacteria may produce 
vascular degeneration. In the case of those diseases now believed to bo 
of allergic nature similar degenerations occur. In the allergic condi- 
tions Roessle (1933) has oflered the assumption that the vascular lesions 
are part of a general mesenchymal reaction. Tliere is, liowevcr, the 
possibility that since allergic processes represent antigen-antibody rc- 
meeting of these bodies may occur especially at the junction 

1 A V by the experiments 

0 Apitz (1933) Avho found that when hemon-hage follows the applioa- 

1011 of erotalus venom it is due to the meeting at the capillavv walls of 

lorThe^faet d ^'tet^nces contained in the cimilating 

Jalt' ^ inflammatoiT reaction in 

TatedlrYh -dreiititia is probably ex- 

that inju^ 

only in the outer media and in the adventitia 

or Ceany exnda. 


In eoimection with the former nroWr ^ 

ioimer, proliferation, especially of 


eon- 
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nective tissue, occurs; and there is an academic question as to whether 
this is a substitution process, merely .reparative, or a progressive fibrosis 
of infiammatory nature. It is our view that the proliferation is progres- 
sive. Tlius the degeneration and proliferation would constitute an 
alterative type of inflammation. 

VASCULAR DISEASE IN GENERAL INFECTIONS 

The earlier studies of Hayem (1869, 1870), of Martin (1881, 1883), 
Huguenin (1883), Landouzy and Siredej’^ (1885, 1887), Therese (1893), 
Hanot (1894) and others drew attention to aeute vascular degeneration, 
sometimes with endarterial proliferation, in general infectious diseases. 
The detailed study of the microseopic anatomy was made by Cowan 
(1904), who described intimal proliferation, round cell infiltration of 
the media and adventitial fibrosis of coronary arteries in many general 
infections. Wiesel (1906) laid more emphasis on degenerative changes 
espeeiallj'’ in the media of the coronaries, witli serous infiltration and 
necrosis. He described swelling and rupture of the elastica interna, in- 
timal proliferation, and fibrosis, which he interpreted as scarring. He 
found that typhoid fever, diphtheria and influenza injured the elastica 
more severely than did scarlatina and septicopyemic diseases. Wiesner 
(1906) confirmed these observations and extended them to include 
eclampsia, endocarditis and congenital syphilis. Frothingham (1911) 
reported intimal thickening and fat droplets in intima and media in 
various arteries in general infections. 

Wiesel and Loevy (1919) in a studj’’ of peripheral arteries in acute 
and chronic circulatory insufficiency, found coronary lesions only when 
other peripheral arteries were affected. They attributed the vascular 
lesions to earlier infectious diseases and were definitely of the opinion 
that the fibrosis is not inflammatory but reparative and may be accom- 
panied by muscle regeneration. Nevertheless they suggested that the 
acute arterial disease may he the precursor of arteriosclerosis. Stoerk 
and Epstein (1920), in their study of the arteries in grip, reported 
medial changes like those described by Wiesel and Loewy, fatty degenera- 
tion of the intima, and sometimes a calcification of fragmented elastica. 
They emphasized muscle regeneration and considered the fibrosis to be 
compensatoiy to weakening of the Avail, according to the old Thoma 
theory. MacLean (1929) and Klotz and Lloyd (1930) liaA’^e gh'-en clear 
evidence of the influence of infectious disease in the production of de- 
generation, inflammation and fibrosis of the coronary arteries. It has 
been suggested that the medial disease may lead to aneurysm formation 
or rupture, and Gastewa (1933) has reported a case of cerebral hemor- 
rhage believed to be due to the vascular lesion of typhoid fever. 

It may be said that general infectious diseases are capable of producing 
degenei’ative, exudative and proliferative lesions of the arterial system. 
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The reports of Mandelstamm (1932) and Goiiley, Belief aM McMillan 
(1933) on tnbercnlons arteritis, Seifried and Cam (1932) on arteria 
lesions of hog cholera, Hansmann and Schenken (1932) on melitensis 
ineningo-encephalitis, Schenken and Hansmann (1932) on intestinal 
arteries in mercuric chloride poisoning, of Lillie (1932) on Rocky Moun- 
tain spotted fever, and Cerstel (1933) on pnenmonoconiosis, indicate that 
no sharp line can be drami between degenerative and inflammatoiy 
lesions. This is emphasized in the study of polyartei'itis nodosa by 
Klinger (1931), who in an examination of 2 cases found in one pro- 
nounced exudation and in the other degeneration and fibrosis, but with 
an overlapping of the different types of lesion in both cases. 

One feature of the degeneration, namely, edema of the media with 
separation of muscle cells and granular precipitate, has been questioned. 
Scharpf (1909) thought it to be not pathological. Segre and Kellner 
(1921-22) found it to be common in various types of disease and demon- 
strated that it is not postmortem artefact. They liypothecated that 
agonal contraction of the artery presses plasma into the walls, but they 
do not defend the mechanical objections nor explain whj’- the supposed 
plasma is usually basophilic. Schultz (1927), however, accepted their 
view. Our studies usually indicate that edema is related to, or identical 
with, the chromotropic substance of arteriosclerosis and of idiopathic 
medial necrosis (Moritz, 1933). 

The intimal thickening is usually cellular but may be acellular, and 
its nature as it affects the smaller arteries is difficult to determine. In 
spite of reports that it is fatty, technical limitations render this difficult 
to determine. It is only in extremely small part chromotropic. Krom- 
pecher (1930) believed it to be an elastica “ hypertroply^, ” but it does 
not regularly stain specifically. 'Whether the cells which participate in 
the thickening are endothelial, subcndothelial fibroblasts, medial fibi’o- 
blasts growing through ruptured elastica, or are the hypothetical elasto- 
blasts of Krompeeher has not been determined. That tlie presence of 
elastoblasts must be assumed to explain apparent hyperplasia of elastica 
is not borne out by the studies of Bloom (1929), who found elastica 
proliferation in tissue culture without cell participation. This would 
indicate that at least some of the fraying of elastica is proliferative. The 
studies of McMeans (1915) show that fraying can be degenerative re- 
sulting from solution of the outer sheath of the fibers. As contrasted 
with fraying, swelling and fragmentation must certainly be degenerative. 
Provided the possibility be kept in mind, we disagi-ee witli Stoerk and 
feimstotim?^ fragmentation is difficult to distinguish from normal 

VASCUIiAR LESIONS IN RHEUMATIC FEVER 

That rheumatic fever may produce arterial lesions like those of other 
eefous disease ,s tvell known. De Mussy (1872) and Martin (1883) 
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made this suggestion, as did Legroux (1SS4), Hannot (1894) and Astier 
(1897). 

Eabe (1902) described a proliferative endarteritis in association with 
medial edema. Takayasu (1909) interpreted this endarteritis hyper- 
plastica as the result of organization and canalization of emboli, but 
Geipel (1909) regarded it as an irritative intimal proliferation in re- 
sponse to emboli. In our opinion, neither of these explanations is satis- 
factory because the evidence is plainly against its origin from either 
thrombosis or embolism. Griilf (1929) explained the fibrosis as being due 
to proliferative thickening of pre-existent capillaries, but this cannot 
well be hamonized with the mature development of arterial stnieture 
actually obseiwed. Geipel (1909) described endothelial and collagenous 
hjqierplasia in the intima, fibrin deposit in the subintimal connective 
tissue, marked narrowing of the lumen, and destruction of elastica in- 
terna. Intimal fibrosis was also noted by Klotz (1912), Coombs (1924), 
Sacks (1925-26) and others. Subsequent to their reports on aortic lesions 
(1923-24) Pappenlieimer and Von Glahn (1927) described lesions in 
aortic vasa vasorum like those described in peripheral arteries by Von 
Glahn and Pappenlieimer (1926). These findings were much like those 
of Geipel, but with some differences and given in greater detail. The 
intimal lesions observed were swelling and basophilia of tlie endothelium, 
the endothelial layer often elevated by coagulated exudate between it 
and the elastica. They described swelling, beading, and destmetion of 
elastica intenia. In addition they noted infiltration of a few wandering 
cells and polymorphonuclears into a loose intimal tissue in a coronary 
arteiy. Kugel and Epstein (1928) described intimal proliferation and 
increased lamellation of elastica in the vasa vasorum of tlie pulmonary 
artery, not considered to be specifically rheumatic and perhaps common 
to infectious diseases. Similar lesions have been described in the small 
divisions of the pulmonary artery by Paul (1928), Eiman and Gouley 
(1928), and McClenahan and Paul (1929). Gray and Aitken (1929) 
found widespread thickening of small arteries, prineipallj'' by intimal 
fibrosis, sometimes eccentric and usually hyalinizcd. 

MacCallum (1925) described multiple thrombosis which he attributed 
to primary vascular disease, a view evidently shared by Sacks (1925-26), 
V. Santha (1932) and others, including ourselves. The supposition of 
Takayasu (1909) and Geiiiel (1909) that emboli are sufficiently fi’e- 
quent to cause the widespread intimal lesions observed is not consistent 
with the actual occurrence of embolism in rheumatic fever. 

Medial lesions vary from edema to necrosis and ultimately fibrosis. 
Rabe (1902) described a vacuolated state of the media, an “etat reticu- 
laire,” which he attributed to degenei'ation and liquefaction. This oc- 
curs in numerous other conditions, as was recognized by Rabe, and is 
probably edema rather than liquefaction. Actual necrosis has been ob- 
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served and .vas described by Sacks (1925-26) in renal arteries. Von 
Glahn and Pappenlieimer (1926) described extravasation of blood, 
wliich they attributed to the vascular necrosis. Edema and chromotropic 
change and fibrosis liave been discussed above as related to infections 
disease in general, and there is no reason for assuming that they operate 
differently in rheumatic fever. The special relation of fibrinoid de- 
generation to rheumatic fever has been emphasized by Klinge (1930, 
1931) but, as indicated in the discussion of hyperergj’- below, this inay 
occur in other conditions. He found that it originated in the intima 
and extended into the media, iiut in our experience it is far more common 
in media than in intima. Infiltration of lymphocytes and large mononu- 
clears and sometimes polymorphonuelears has been described by many 
writers, but is generallj’’ regarded as an extension from similar infiltra- 
tions in the adventitia. 


Cell infiltration in the adventitia was well described by Von Glahn 
and Pappenlieimer (1926), who found that an infiltration of irregular! 
shaped mononuclear and polymorphonuclear cells may be followed by 
infiltration of lymphocytes and plasma cells. Klotz (1912) assumed 
that the cells originally in the adventitia infiltrate into the media by 
way of lymphocytes. This seems to be especially true in large arteries 
with vasa vasorum, which in the media may be encircled by -the in- 
filtrate. MacCallum (1925) found large cells in the adventitia, but 
appears to have associated these with intravascular thrombi. Aschoff 
(1906) noted the extension of submiliary nodules into the coronaries, a 
feature further described by Coombs (1907, 1908-09, 1911). Generally 
tliis involvement is confined to the adventitia, but it may extend into 
the media. Watjen (1921) has described actual destruction of elastica 
in the course of this penetration. Swift (1924), MacCallum (1925), and 
others have referred to compression of coronaries by the submiliary 
nodules, a matter discussed subseciuently in this paper, hlany observers 
have reported on fibrosis in the adventitia. 


Of the larger vessels, the pulmonary artery has been studied by Paul 
(1928), Eiman and Gouley (1928), Kugel and Epstein (1928), Mc- 
Clenahan and Paul (1929), Cliiari (1930, 1931), and others. The lesions 
m the vasa. vasorum are like those of other small arteries in rheumatic 
fever. There zs perivascular infiltration of large mononuclears, often 
irregular in outline, and a relatively smaller' number of lymphocytes 
This sleeve of cells accompanies some of the vasa. into the media where 
It IS accompanied by destruction of elastica and muscle. Splayin- and 


Kioto (1912) described the aortic lesions of vhenmatio fever as poiietra 
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c}’i;es, togetlier with diffuse and perivascular infiltration of plasma cells 
and Ij^mphocjdes into the adventitia. Pappenheimer and Von Glahn 
(1923-24, 1926) believed that thcj'- could identify cells in adventitia 
and also in media as typical Aschofi;' cells and described Aschoff 
nodules in the adventitia. They ivere of the opinion that the aorta may 
be affected primarily by way of the intima as well as through the vasa 
vasorum. Giraldi (1929) confirmed Klotz’ observations and noted in- 
timal proliferation in the vasa vasorum. Chiari (1928), Laubry and 
associates (1930) and others have reported similar findings. Barnard 
(1929) described ringlike fibrosis of the aortic adventitia, but did not 
establish his case as definitely rheumatic. Schulz and Klingc (1933) 
have set up criteria for the diagnosis of chronic aortitis of rheumatic 
origin. 

That medial destruction may be of especial import is indicated in 
the report by Gray and Aitken (1929) of a dissecting aneurysm of 
the aorta, presumablj'^ of rheumatic origin. Lisi’s (1930) hepatic ai’tery 
aneurysm was probably mycotic rather than the result of rheumatic 
arterial disease. Dawson (1933) found definite vascular lesions in the 
subcutaneous nodules of both rheumatic fever and rheumatoid arthritis. 
Cobuni (1933) attributed multiple small hemorrhages to rheumatic 
vascular disease. Craeuin and associates (1933) in their review accept 
the existence of rheumatic disease of smaller arteries and coronaries. 

Relation to Ilypcrergij . — The general character of rheumatic fever as 
a hyperergic reaction has been considered by Swift, Derick and Hitch- 
cock (1928), The extensive studies of Klinge have supported this 
hypothesis. The pathogenesis of the lesion in vessel walls, as in other 
structures, was summarized by Klinge and Vaubel (1931) as (1) swell- 
ing of the connective tissue gi'ound substance with variable degrees of 
fibrinoid change, (2) grovi;h or hyperplasia of the connective tissue 
cells with or witliout basophilia of the cytoplasm, accompanied by vari- 
able degrees of Ij^mphocyte leucocyte inflammation, (3) hyaline scar 
formation with or without elastica destruction. The connective tissue 
injuiy was not thought to be absolutely specific for rheumatic fevei*. 
They pointed out, however, that the fibrinoid change is found otherwise 
only in periarteritis nodosa, malignant sclerosis, certain forms of cardio- 
vascular sepsis, Buerger’s disease and focal glomerulonephritis. These 
may all be hj’-perergic manifestations. Although they claimed that 
experimentally multiple injections of streptococci arc required for the 
production of fibrinoid, Apitz (1933) found it following repeated in- 
jections of serum; Hensehen (1927) described it in areas of prolonged 
passive hj'peremia; and Therese (1893) is quoted as having produced 
it by single injections of bacteria. 

Pahr (1930) expressed the view that Klinge had not sufficiently dem- 
onstrated the similarity of experimental hyperergj^ and rheumatic fever, 
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but Metz (1931) was in complete agreement with laingc as was ApiU 
(1933) and in essence also Klotz and Lloyd (1930), and Semsroth and 

Kocli (1930). 


CORONAEIT ARTERIES IN RHEUMATIC FEVER 

The fact that coronary arteries are involved is indicated by studies 
quoted above. The frequency of the coronaiT lesions has been the sui- 
jeet of dilferences of opinion. Klotz (1912) stated that the finei lamifica 
tions of the coronaries are invariably affected, a view shared by Coombs 
(1924), but MacCallum (1925) regarded coronary disease as uncommon 
save in severe eases. Only a few studies have been directed to this 
phase of the problem. 

Peny (1929-30) examined in detail the large coronaries of nine pa- 
tients, from five to nineteen years of age, one of wliom had had angina. 
Involvement was noted in all. The intima showed patchy or diffuse 
thickening by a. loose tissue, which often was acellular or showed lympho- 
cyte infiltration near the media. The elastica interna varied greatly 
fi’om practically normal to marked splaying sometimes so bulky as to 
suggest proliferation. Intimal fibrosis was I'ariable. In the media ho 
observed loss of nuclei, the “etat rcticulaire” of Rabe, infiltration of 
lymphocytes often in a hyaline matrix. Fibrosis occurred principally 
in the inner half of the media in communication with intimal fibrosis. 
The adventitia showed fibrosis and lymphocyte infiltration of variable 
intensity. Fatty change was not ]>resent. 

Klinge (1930) in describing the early collagenous swelling of the 
connective tissues in rheumatic fever referred to the same change in 
coronary arteries, together uith the production of fibrinoid in the 
intima with extension into the media, sometimes accompanied by a leuco- 
cyte lymphocyte reaction, and with narrowing of the lumen. Tliosc 
changes led to dissociation of the fibrous and muscle cells. He later 
(1931) described the subsequent states of infiltration of cells like those 
of the submiliary nodule, most often in the adventitia but involving 
in some instances the other coats. Tie suggested that some of the in- 
tima. lesions might represent organization of tlirombi. The whole proc- 
ess led to fibrosis. He found elastica changes in those instances of 
granuloma formation within the arterial wall. 


ReUiion to Other Similar Vascvlar Dmases.~It is difficult to orient 
the vascular lesions of rheumatic fever in the whole group of arterial 
diseases. Aschoff (1906), Ophiils (1923), and others have suggested a 
relation between the lesions of rheumatic fever and polyarteritis nodosa. 
^ air (1920) suggested that rheumatic arterial disease may play a part 
in the etiolo^r of malignant sclerosis and (1921) drew attention to the 
resemblance between the arterial lesions of rheumatic fever, polyarteritis 
nodosa and dermatomyositis (polymyositis). Gruber (1923, i925) he- 
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lieved polyarteritis nodosa to be a manifestation of hyperergic reaction. 
Klinge and Vanbel (1931) appear to have considered that periarteritis 
nodosa, malignant sclerosis, certain forms of cardiovascular sepsis, 
thromboangiitis obliterans, focal glomerailonephritis and rheumatic fever 
are grouped together on the basis of hjT)crergic etiologjL Semsroth and 
Koch (1930) as well as Metz (1931) expressed the view that the arterial 
lesions of acute infectious diseases, rheumatic fever, and polyarteritis 
nodosa are manifestations of the allergic state Avhich differ only in de- 
gree of involvement. Klinger (1931), an adherent of the Ricker school, 
did not share in this assumption. Jager (1932) placed the juvenile form 
of thromboangiitis obliterans in this genei’al category. 

V. Santha (1932) and others considered the vascular lesions of chorea 
as identical with those of rheumatic fever, which is true of our ex- 
perience. We agree with his view that thrombi are secondary to lesions 
of the vessels rather than that they arc emboli from heart valves, 

ReldUon to Arteriosclerosis . — The significance of infectious disease in 
the origin of arteriosclerosis is debatable, and MacCallum (1933) be- 
lieved that there is insufficient evidence for such an assumption. Klotz 
(1914-15, 1915) adhered to the inflammatory origin of arteriosclerosis 
arrd with Lloyd (1930) expressed the view that infectious diseases in- 
cludirrg rheumatic fever are of importarree for the inceptiorr of coronary 
sclerosis, a view shared by MacLearr (1929), Siegmurrd (1929), Giraldi 
(1929) arrd Laubry (1930). Wiesel (1923) specifically attributed 
juvenile sclerosis to rheumatic lesiorrs of the media, but this view is not 
accepted by Zeek (1932), who, however, fourrd that rheumatic heari; dis- 
ease predisposes to early dcvelopmeirt of atheromatous lesions of the 
cororrary arteries. Schulz arrd Klinge (1933) have described a chronic 
fibrous rheumatic aortitis, which is irr reality a form of arteriosclerosis. 

Relation to Myocardial Disease . — The question as to whether or rrot 
the cororrary arterial lesions are the cause of myocardial damage of 
rheumatic fever has beerr discussed extensively. Hayem (1869, 1870) 
suggested it, arrd Krehl (1890) arrd Romberg (1894) considered it to 
be of great importarree. This was combated by Aschoff (1904) arrd 
Aschoff arrd Tawara (1906), who also doubted the relatiorr of the myo- 
carditis to cardiac weakness. Fahr (1921) and Swift (1924) were 
definitely of the opinion that interference rvith myocardial nrrtrition from 
rheumatic disease of the smaller cororraries carr cause myocardial irrsuf- 
ficieircy, arrd Klotz (1926) was equally certain that the myocardial scars 
are largely the result of the vascular disease. Slater (1930) attributed 
the sears to both arterial disease arrd direct irrflammatory destructiorr of 
muscle. Brorvn (1932) fourrd little evideirce to suppori; the view that 
the scarring results from inflammatory destructiorr arrd concluded that 
cororrary disease is the most importarrt etiological factor. Of her 115 
cases, 15 were associated with rheumatic fever. 
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Disturbance of Cardiac Rhythm, and Po.mi.— A lthough case reports 
had previously appeared, the paper by Parkinson, Gosse and Gunson 
(1919-20) directed attention to the fact that irregularity of the heart 
action is common in rheumatic fever, and they attributed delayed con- 
duction to myocardial inflammation. Cohn and Swift (1924) confiimcd 
and amplified this report. Swift (1924) stated that intei’ference with 
the circulation must lead immediately to disturbed nutrition of the 
muscle tissue and of the impulse-conducting fibers supplied by the in- 
volved blood vessels. Besaneon and Weil (1926) described in detail 
auriculoventricular dissociation. Swift (1928) noted that arrhythmias 
are found in vai’ious typos of infectious disease but are especially com- 
mon in rheumatic fever, a view evidently shared by Lukomski (1932, 
1933) and others. Slater’s ease is probably one of extensive infarction. 
Levy and Turner’s (1929) report is representative of the modern view 
of the subject. They noted the frequency of disturbances of auriculo- 
ventricular conduction in rheumatic hearts and found that delay is 
more common than complete block. Although usually temporary, the 
distui’bances may persist for a long time after subsidence of the acute 
rheumatic cycle. They expressed the view that in the absence of syphilis 
or of digitalis administration, the occurrence of prolonged P-R interval 
or of block in patients less than thirty -five years of age is presumptive 
evidence of rheumatic heart disease. They suggested that the occurrence 
of leueocytosis in the active stages indicates that the functional disorder 
may be attributed to myocardial damage, the result of occlusion of 
arterial twigs. Octtinger and Neslin (1932) found 14 cases of A-V 
dissociation in 200 cases of I'heumatic carditis. This lasted usuaUy only 
a few days. Their explanation was a hypothetical irritation of Tawara ’s 
node or of the automatic function of the sinus node. 


Coronary occlusion is not a frequent complication of rheumatic fever. 
Wearn (1923) found a positive history in only one of his 19 cases, 
Levine and Browm (1929) in only three of 145 eases. Cornier and 
Holt (1930) did not mention it in their large series. White and Jones 
(1928) mentioned it in one of 71 cases, Kerr, Larkey, and Larsen 
(1924) recorded definite rheumatic involvement in their four ease.s. 
Breitnecker (1931) has described a fatal case of thrombosis in the 
rheumatic heart of a girl twenty-tivo years old. 

Cardiac pain and discomfort are well laiomi in rheumatic fever 
Gallivardin (1908) reported a case of severe pain in a seven-year-old 

attributed the trouble to myocardial scars. 
Kahn (1926) laid great emphasis on infectious diseases and rheumatic 
ever and reported that of 82 eases of angina, 24 patients had a history 

Q927?r'' rheumatic fever. White and Mudd 

(1927) reported 8 cases of angina in patients from seventeen to twenty 

« years of a«e. all of whom had rheumatic hcarte aud aortic "2: 
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ficiency. Stolldnd (1928) reported one patient, thirteen years old, who 
had angina, rheumatic heart disease and aortic insufficiency. He also 
reported 12 cases from the literature in patients from seven to fourteen 
years of age, of whom only 2 are shown to have had aortic insufficiency. 
It is unfortunate that only a few of the cases reported by White and 
Mudd and hj’’ Stolldnd came to autopsy. White and Jones (1928) found 
a history of rheumatic fever in 7 of their 77 cases of angina in adults. 
Swift and Hitchcock (1928) did not think the pain to he due to coronary 
or aortic disease in the ordinary sense, hut rather to perivascular and 
adventitial lesions as foci of irritation. , 

It can he said that while proved eoronaiy thrombosis is rare in 
rheumatic fever, this is not true of cardiac pain. If cardiac pain be 
analyzed as it occurs in all age groups, rheumatic fever appears to play 
a small part, except in such reports as that of Kahn. If, however, it 
he considered in young patients, rheumatic fever is a common associa- 
tion of the cardiac pain. Certainly many of these patients show aortic 
insufficiency, hut this is not true of all, and even in those with aortic 
valve involvement the coronary twigs liave not been regularly studied. 
Disease of these twigs is undoubtedly frequent, as we shall demonstrate 
in this paper, and it is also possible that adventitial and perivascular 
lesions may well cause interference with the blood supply to the myo- 
cardium. Thus it must be accepted that cardiac ischemia cannot be ex- 
cluded as the cause of the cardiac pain of rheumatic heart disease. 

MATERIAL AND METHOD 

For this study, 56 hearts were selected from the recent autopsy ma- 
terial of Lakeside Hospital, Babies’ and Children’s Hospital and Cleve- 
land City Hospital. Only hearts which showed Aschoff nodules or 
typical rheumatic inflammation were included. Several hearts, ordi- 
narily acceptable as rheumatic, were excluded because Aschoff nodules 
were not found, even though they showed definite vahuilar disease. 
Otherwise the hearts were taken in order as they occurred in the regular 
autopsy series, and were in no way selected because they showed vascular 
lesions. Of the 56 patients, 48 gave a history of rheumatic fever, except 
one who had chorea. There were 15 patients in the first decade, 12 each 
in the second and third, 10 in the fourth, and 7 in subsequent decades. 
There were 26 males and 30 females, 44 whites and 12 colored. Forty 
nonrheumatic hearts were examined as controls, but in many of these 
infections were present somewhere in the body. The histological material 
was fixed in neutral formalin, embedded in paraffin, cut at 5 to 7 micra, 
and routinely stained with hematoxylin and eosin. Special stains in- 
cluded the Verhoeff elastica method, Mallory’s connective tissue stain, 
van Gieson-hematoxylin, Masson trichrome with light gi’een, scarlet R, 
and for chromotropic substance heavj^ staining with hematoxylin or 
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staining with tliionin or polyelirome methylene bine. The special 
methods were not used routinely but were employed frequently to 
clarify features indicated in the hematoxylin and eosin stains. 

The observations were recorded on a chart for each heart, and Table I 
is a summary of the first deeade, which illustrates the method for each 
heart. 

RESULTS 

First Decade.— The details are to be found in Table.s I and II. The 
lesion observed in the pulmonary arteries was principally in the form 
of pitting of the intima above the pulmonic orifice. Post-mortem blood 
cultures were negative in 9 cases, in one yielded B. coli and an un- 
identified streptococcus, and in another streptococcus gamma. 


Tabm I 

Data on Eheumatio Coronaries, Pir.st Decade 
Evidence of Ehenmntic Fever 

Clinical 12; Asclioff nodules W; rheumatic inflammation 12, 

Valve lesione: acute only 2; chronic only 4; both 9. 

Coronaries 2; pulmommes 7; aorta 6, 

No note coronaries 3; pulnionaries 2; aorta 2. 

Main Coronaries (None in sections 2) 

AdvcnUiia; Aschoff 5; fibrosis C; other cells 6, 

Media': edema. 13; chroniotropic 4; cells 2; fibrosis 4. 

Intima: edema 10; cliromotropic 4.; colls 1; fibrosis 11. 

Elasiica interna: splitting 9; fragmentation 10; swelling 10. 

Other elastica: fragmentation 3; swelling 3. 

Thrombosis Fibrinoid: intima 5; media 4. 

Med htnir Sized Coronaries 

Adventitia: Aschoff 7; fihvosis 8; other cells 6, 

Media: edema Id; chromotropic 5; cells 2; fibrosis 4; necrosis 4. 
Iniivm: edema. 7; cliromotropic cells 1; fibrosis 3. 

Elastica interna: splitting 3; fragmentation G; swelling 5. 

Other elastica: fragmentation 1; swelling 1. 

Thrombosis Fibrinoid: intima 2; media 8; adventitia 1. 

Small- Sized Coronaries 

Adventitia: Aschoff! 9; fibrosis 7; other cells 8, 

Media: edema 13; cliromotropic 3; cells 1; fibrosis 1; necrosis 4. 
Intima: edema 7; cliromotropic cells fibrosis 3. 

Elastica interna: splitting 1; fragmentation 3; swelling 1. 

Other elastica: fragmentation swelling ~. 

Thrombosis 2; Fibrinoid: intima 2; media 5; adventitia 3. 

In summarjq the corona.r 3 ^ tree in parts showed edema in ail cases, 
associated with fibrinoid in all, and with chromotropic change in 7 eases! 
Necrosis was observed in 6 cases. Inflammatory reaction as shown by 
lymphocytes, plasma cells, endothelial cells and sometimes polymorphonu- 
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clears was found in the adventitia in 9 cases and in other coats in 5 
eases. The Aschoff nodules were found in the adventitia in 11 cases and 
in the media in one case. Elastiea changes were observed in all but 2 
cases, in both of which adventitial inflammation was observed, in one 
with medial necrosis and in the other associated with inflammation and 
tlirombosis of veins. Fibrosis of the adventitia was observed in 30 
eases, of the media in 5 eases, and of the intima in 12 cases. Degenera- 
tive changes were found in all cases and in all were associated with 
either inflammation or fibrosis, or both. In 3 cases the various types of 
lesion were not all present. In a colored female two and one-half years 
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riKST Decade — Coronary Lesions 
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In all tables : + means present. 0 means no note in protocol. 

- mean.s absent. V means vein. 

A means artery. 

C means capillai’j'. 


old, degeneration appeared to be the principal lesion, but it was ac- 
companied by gross intimal fibrosis of the coronai’ies, more widespread 
microscopically, and definite swelling of the elastiea. In a colored male 
.seven years old the arterial lesion, in addition to degeneration, was only 
inflammation in the adventitia, but the veins showed edema, inflamma- 
tion of adventitia and thrombosis. In another colored male seven years 
old the artei'ial degeneration was accompanied by actual medial necrosis 
and adventitial inflammation. If these eases be regarded as showing 
only slight artei’ial disease, 13 of the 15 eases showed significant disease 
in various parts of the eoronai’y arterial tree. 
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Table ni 

Data on Eheumatic Coronaries — Second Decade 
Evidence of UltcumaUo Fever 

Clinical 10; Aschoff noilulcs 12; rheumatic inllammatioii 10. 
Fafue lesions: Acute, only 1; chronic only 1; both 9. 

Coronaries 4; pulmonaries 2; aorta 7. 

No note; coronaries 5; pulmonaries 3; aorta 1. 

Main Coronaries (None in sections 2) 

Adventitia: Aschoff fibrosis 3; other cells 5. 

Media : edema 10 ; chromotropie 2 ; cells - ; . fibrosis 3 ; necrosis 1. 
Jntima: edema 10; chromatropic 1; cells 1; fibrosis 10. 

Elasiica- interna: splitting 7; fragmentation 7; swelling 8. 

Other elastica: fragmentation 3; swelling 1. 

Thromhosis -; Fibrinoid: intima 5; media. 8. 

Medium-Sized Coronaries 

Adventitia: Aschoff 4; fibrosis G; other cells 5. 

Media: edema 11; chromotropie 1; cells fibrosis 1; necrosis 4. 
Jntima: edema 7; chromotropie 1; cells-; fibrosis 7. 

Elastica interna: splitting 2; fragmentation 4; swelling 5. 

Other elastica: fragmentation -; swelling -. 

Thrombosis -; Fibrinoid: intima 3; media 9. 

Small-Sized Coronaries 

Adventitia: Aschoff 9; fibrosis 4; other cells 4. 

Media: edema 10; chromotropie -; cells 1; fibrosis 3; necrosis 4. 
Intima.; edema 3; chromotropie cells fibrosis 4. 

Elastica interna: splitting 1; fragmentation 3; swelling 1. 

Other elastica: fragmentation -; swelling 

Thrombosis Fibrinoid: intima 3; media 9; adventitia 1. 


Table TV 

Second Decade — Coronary Lesions 
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Second. Decade . — (See Tables III and IV.) One patient, a white male 
nineteen years old, died as the result of scarlatina, showed complete 
heart-block, had a typical rheumatic history and at autopsy typical 
rheumatic myocarditis without valve lesions, but the post-mortem blood 
culture showed streptococcus alpha. The main trunk of the pulmonary 
artery was atherosclerotic in 1 ease, normal in 8 and not described 
in 3. The blood cultures showed no gi-owth in 7 eases, streptococcus 
alpha, in 1, streptococcus beta in 1, streptococcus gamma in 2 and B. coli 
and staphjdococcus in 1. 

In summary, the coronary tree in parts showed edema in all cases, 
associated with fibrinoid in all, and Avith chromotropic change in 3 eases. 
Necrosis was observed in 5 eases. Inflammatoiy reaction, as shown by 
cellular infiltration, v'as found in the adventitia in 5 cases and in other 
coats in only 1 case. Aschoff nodules were found in the adventitia in 9 
cases but not in other coats. Elastiea changes were observed in all but 
2 eases, in one of which there was adventitial fibrosis with the presence 
of Aschoff nodules and in the other adventitial Aschoff nodules. Fibrosis 
was obseiwed in the adventitia in 6 cases, in the media in 4 eases and in 
the intima in 11 eases. Degenerative changes Avere found in all eases 
and in all AA^ere associated Aiath inflammation or fibrosis or both. In 
one case the additional change AA’^as only in the form of Aschoff nodules 
in the adventitia, but there AA'crc no sections of lai’gcr arteries, and in 
another case there AA^ere only the additional appearances of Aschoff 
nodules in the adventitia and intimal fibrosis. If these 2 cases be re- 
garded as shoAving relatively insignificant arterial disease, 10 of the 12 
cases shoAved significant disease in Anrious parts of the coronary arterial 
tree. 

Third Decade. — (See Tables V and VI.) The pulmonary arteries 
shoAved sclerosis in 3 cases, Avere not noted in 4 cases and revealed no 
change in 5 cases. Post-mortem blood cultui’es AA'ere negatiAm in 4 cases, 
AA'ere not made in 3 cases; in 1 case yielded Staphylococcus aureus, in 

Table V 

Data on Kheumatic Cokonaries — Third Decade 
Evidence <yf Eliev.matio Fever 

Clinical 11; Aschoff nodules 12; rheumatic inflammation 11. 

Valve lesions: acute only 1; chronic only 1; both 10. 

Coronaries 3; puhnonaries 3; aorta 8. 

No note 3; pulmonaries 4; aorta 1. 

Main Coronaries (None in sections 2) 

Adventitia: Aschoff 1; fibrosis 2; other cells 8. 

Media: edema 9; chromotropic 5; cells — ; fibrosis 2. 

Intima: edema 8; chromotropic — ; cells 1; fibrosis 8. 

Elastiea interna: splitting 8; fragmentation 9; swelling 8. 

Other elastiea: fragmentation 2; swelling 1. 

Thromhosis 1; Fibrinoid: intima S; media 8. 
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Table V — Cont’d 

Medki/m-Si^ed Coronaries 

AdvenUUa: Aselioff 3; fibrosis 11; oilier cells 0. 

Media: edema 12; cliromotropic 4; cells -; fibrosis 2; necrosis 5. 
Intima: edema 5; cliromotropic cells -; fibrosis 10. 

Elaslica- interna : splitting 4; fragmentation 5; swelling 8. 

Other elastic^: fragmentation 1; swelling 

Thromibosis 1; Fii)}'inoid: intima 6; media 8; adventitia 1. 

Small-Sized Coronaries 

Adventitia: Aschoff G; fibrosis 11; other cells 7. 

Media: edema 12; cliromotropic 1; cells -; fibrosis 1; necrosis 7. 
Intima: edema fi; cliromotropic — ; cells fibrosis 11. 

Elastica. interna: splitling 4; fragmentation 2; swelling 8. 

Other clastica\: fragmentation -; swelling 1. 

Thrombosis 2; Fihrinaid : intima 7; media 10; adventitia 1. 

Table VI 


Third Decade — Coronary Le.sions 
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another Gram-positive diplococci, in another sti'eptoeocciis alpha, an- 
other streptoeocens beta and another streptococcus gamma. 

In summaiy, edema of some part of tlie arterial tree was found in all 
eases, with chromoti-opic substance in 7. ihbrinoid was observed in all 
cases and necrosis in 9. All cases showed elastica alterations. Aschoff 
nodules were found in the adventitia in 8 cases. Inflammation ivas ob- 
served in the adventitia, in 11 cases and the intima in 1. Thrombosis in 
arteries was observed in 3 cases and in veins in 4 cases. Fibrosis was 
observed in the adventitia in 11 cases, in the media in 4 cases, and in 
tiie intima in all cases. In no case was the disease limited to degenera- 
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Table VII 

Data on Eheujeatig Coronaeies — Fourth Decade 
Evidence of Eheumaiio Fever 

Clinical 10; Aschoff nodules 9; rheumatic inflammation 7. 

Valve lesions: acute ehronie onlj' 4; both 6. 

Coronai'ies 4; pulmonaries 6; aorta 10. 

No note: coronaries 4; pulmonaries 2; aorta 

Main Coronaries (None in sections 2) 

Adventitia: Aschoff 1; flbrosis 5; other cells 7. 

Media: edema 8; chromotropic 5; cells 2; fibrosis 7; necrosis 1. 
Intima: edema 8; chroniotropie 2; cells 1; fibrosis 8. 

Elastica interna: splitting 8; fragmentation 8; swelling 8. 

Other elastica.: fragmentation 3; swelling 2. 

Thromhosis -■ Fibrinoid: intima 6; media 6. 

Mediiim-Sised Coronaries 

Adventitia: Aschoff -3; fibrosis 10; other cells 7. 

Media: edema 10; ehromotropie 3; cells -; fibrosis 2; necrosis 9. 
Intima: edema 4; cliromotrojiic — ; cells -; fibrosis 5. 

Elastica interna: splitting 4; fragmentation 7; swelling 9. 

Other elastica: fragmentation — ; swelling — . 

Thrombosis -• Fibrinoid: intima — ; media 8; adventitia 1. 

Small-Sized Coronaries 

Adventitia: Aschoff 5; fibrosis 10; other cells G. 

Media: edema 9; chromotropic cells -; fibrosis 3; necrosis 8. 
Intima: edema 5; chromotropic -; cells -; fibrosis 6. 

Elasticai interna: splitting 1; fragmentation 6; swelling 6. 

Other elasticai: fragmentation -; swelling 
Thrombosis -; Fibrinoid : intima 1; media 5. 

Table VIII 


Fourth Decade — Coronary Lesions 
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tion, and in this decade it can be stated that some part of the coronary 
arterial tree showed significant lesions in all cases. 

Fourth Decade . — (See Tables VII and VIII,) The pulmonary ar- 
teries showed sclerosis in 6 cases, were negative in 2 and were not noted 
in 2. Post-mortem blood cultures were negative in 6 cases, not made in 
3 cases and in 1 ease jdelded pneumoeoeeus type IV. 

In summary, edema of some sort of the arterial tree was found in all 
eases, combined with chromotropic substance in 6. Fibrinoid, necrosis, 
and elastica alterations were found in all cases. Aschoff nodules were 
present in the adventitia in 5 eases, invading tlie media in 1. Inflamma- 
tion was found in the adventitia of 9 cases, invading the media in 1, 
the same case in which Aschoff nodule involvement was observed. Throm- 
bosis was found in the veins of one ease. Fibrosis of the adventitia 
was present in all eases, of tlie media in 7 cases and of the intima in all 
cases. One ease only, a white male forty years old, failed to show in- 
flammatory lesions of the arteries, but the vessels showed all tlie foms 
of degenerative lesion as well as fibrosis of all three coats 
Fifth aiid Subsequent Decades.- (See Tables IX and X ) The nul 

blZ'Lu;™ “ negntive i„ 2. Post-mortem 

Mood cultures we negative in 5 eases and were contaminated in 2 


TABI.E IX 

Data on Kiieumatic Cokonauies-Fiftii and Subsequent Decades 
Evidence of Eheimalio Fever 

Clinical ,i,- Aschoff nodules 7; rheumatic inflamnialion 7. 

Valve lemons: acute chronic only 2; both 5. 

Coronaries 6; pulmonaries 5; aorta 6. 

J^o note ; coronaries 1. 

Main Coronaries (None in sections 2) 

Adve>mia: Aschoff fibrosis 3; other cells 4 
Medta: edema 5; chroniotropic 3; cells fibrosis 4: necrosis 1 
ntma: edema 5; chromotropie cells fibrosis 5. 
toca, a.- splitting 4; fragmentation 5, sivelling o. 
mar elasUca: fragmentation sivelling - ^ 

Thronaosis -■ FWrinoid: intima 3; media 4. 

Mcdism,-Siced Coronaries 

edema 7; chromotropie 2- cells — • fiKiTic' d 
eae„.„ 2, cUromotmpic d „o„ ^ ”2 5 

Tkremhom 1; 3. c. 

Small-Sized Coronaries 

Adventitias: Aschoff 5; fibrosis 7- nil n 
Media: edema 7; chromot^e 2’ • 

Intvnm: edema 2; chromotropie cells • <5- 

Elastiea interim: spmtine- i - f ’ ” ’ 7. 

««»■ tagme„Wi„; =■ 

Rinnom: inttaa S, media 4; adventitia 2. 
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Table X 

riFTH AND Subsequent Decades — Coronaky Lesions 
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In summary, edema of some part of the arterial tree was present in 
all eases, with ehromotropic substance in 4. Fibrinoid, necrosis, and 
elastiea alterations were found in all cases. Aschoff nodules were fotmd 
in the adventitia in 6 eases, without invasion of media. Adventitial 
mononuclear cell infiltration was found in all cases. Arteiial thrombosis 
was found in 1 case. Fibrosis was obsei’ved in adventitia and intima of 
all cases and in the media of 5. All cases showed degenerative and 
inflammatory lesions and fibrosis. 

SUMMARY OF RESULTS 

All cases showed edema of some part of the arterial tree. Chromo- ■ 
tropic change was found to be about equally frequent in all decades 
except the second, in which one-third of the cases showed it as com- 
pared with about two-thirds in the other decades. Fibx’inoid was 
found in all cases. Necrosis increased in frequency as age advanced. 
It was observed in 40 per cent of the cases of the first decade, 50 
per cent of the second, 75 per cent of the third, and 100 per cent 
subsequently. Elastiea alterations were found in about 90 per cent 
of the cases in the first 2 decades and in all cases thereafter. Aschoff 
nodules in the adventitia were somcAvhat more frequent in the first three 
decades than in subsequent decades. Their invasion into the media was 


Plate I 

Fig-. 1. — Edema of media, the so-called "dtat reticulaire,” in a small epicardial 
coronary artery. Female, aged two and one half years. Hematoxj'lin and eosin 
AVratten green filter B-5S. X150. 

Fig. 2. — Edema of Intima and media in large epicardial vein. Female, aged twenty 
years. Hematoxjdin and eosin. AVratten green filter B-5S. X215. 

Fig. 3. — Necrosis in media of small intramural arterj% with a small vacuolated 
area of edema. Male, aged five years. Hematoxylin and eosin. AVratten green filter 
B-58. X335. 

Fig. 4. — Fibrinoid degeneration in upper media of large coronary ai’tery, with many 
nodal points. Female, aged thirty-five years. Hematoxylin and eosin. AA'’ratten green 
filter B-5S. X230. 
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Plate II 



. 0 . in t,.e ... 2 aeea.. — "a^ 

clear cells into the adven«.a o* «'“ 

cases ol fte flxst 2 dcca ^ Infiltration into the media 

fourth decades, aad lu all ^ ^ ^ decade, 8 per coirt of 

.cas present in 27 per cent of the ea s of „„,c of 

those of the second, 20 pci cen o 0(,„.,dcs Thrombosis was noted 
those of the third, fifth and ^'*se<l««i in 

in the s, nailer arteries in 6 ™ ""’f ;! nent of the series. 

tJie reins in 14 cases, a totaho decades and . 

It was fonnd in about one-half of the eases of the j ,„n 

S ahout 10 per cent of these of t"decade, 

58 per cent of those of the seemid, l" taVfoimd In 

S pt“ :::: oT^ L t decade, . per of t^e oy to 

noted in 73 per cent of the cases of the first decade, 92 pel cent o 
Ise of the second, and all the eases of the third and snhseqnent 
decades. Of the cases in which notation was made, grossty ^ 

sclerosis of the coronaries was fonnd in 18 per cent m the first deead , 
56 per cent in the second, 33 per cent in the third, 66 per cent m the 
fourth, and all in the fifth and subsequent decades. Microseopieally, 
severe fibrosis of the intima of the large divisions of the coronaries (when 
present in the sections) was observed in 38 per cent of tlie cases of the 
first decade, 50 per cent of those of the second, 70 per cent of those of 
the fourth, and all the eases of the subsequent decades. Of 28 patients 
between the ages of nineteen and forty-four years inclusive, '5 showed 
sclerosis almost completely occlusive, all males, aged 19, 23, 29, 40 aiid 
44 years respectively. 

Thus it is apparent that age has no influence upon edema, chromotropic 
change, fibrinoid or iiicideiiee of Aschoff iiodnles in the adventitia. As 
age advances there is an increased incidence' of necrosis, elastica altera- 
tions, infiltration of monoiiuelear cells in adventitia., fibrosis of each coat 
of the arteries and grossly observable sclerosis. The incidence of throm- 
bosis is markedly decreased after the third decade. 

Degenerative lesions were found commoul}^ in the controls and arc 
not regarded as significant. In the 56 rheumatic hearts they were ac- 


Plate II 

Fig-. 5.— Swelling-, fragmentation and fraying of elastica in large coronary artery. 
Fetnaie, agefl eighteen years, 'i'^erhoeff elastica, 'Un’atten orange filter G-15. XI 65. 

Fig. G. — Marked swelling and fragmentation of elastica in large coronary arten'. 
Female, aged thirty-two years. Verhoeff elastica. Wratten orange filter G-15. X165. 

Fig. 'T.— Marked swelling and wrinkling of elastica in small intraniuiul coronary ar- 
tery, with apparent reduction of lumen. Male, aged twenty-nine years. Hematoxylin 
and eosm, Wratten green filter B-58. X230. 

Tir ^■~A.selioff nodules involving adventitia in a small intramural coronary artery. 
Male, aged seven years. Hematoxylin and cosin. Wratten green filter B-58. X140. 
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companied by acute inflammatoiy lesions alone in 3 instances, by 
fibrotie lesions alone in 4 instances, and by both in 49 instances. If 
both degenerative and inflammatoiy lesions be excluded, 52 of tlie 56 
hearts showed significant lesions of some part of the coronary tree. 
The coronaries of two cases, a seven-year-old colored boy and a thirteen- 
:>'ear-old white girl, failed to show clastica alterations, but both these 
showed inflammatoiy lesions. Tlirce cases, a seven-year-old white girl, 
an eight- 3 'ear-old white girl and a fort 3 '’-year-old white woman, failed to 
show inflammatory lesions of the arteries, but all showed intimal fibrosis. 

All eases showed intimal fibrosis except 4 in j:he firet decade (all of 
which exhibited inflammation, and of these 2 showed also venous throm- 
bosis) and one in the second decade which showed Aschoff nodule in- 
volvement of adventitia and capillary thrombosis. 

Blood cultures showed no app<arentl.y significant relation between 
bacteremia and thrombosis. Of 10 eases from which streptococci were 
recovered, 5, or 50 per cent, showed thrombosis. Of 31 cases in which 
the blood culture showed no growth, 11, or 35 per cent, showed thrombo- 
sis. Of 12 cases from which organisms other than streptococci were 
isolated, none showed thrombosis. 

DISCUSSION OF RESULTS 

In order that the findings might be subjected to further control than 
that of an extensive experience, the sections from 40 nonrheumatic heaifs 
were examined. These were from patients who had died of infectious 
disease of short duration, from tumors, poisoning, etc. Dcfiniteh’’ cardio- 
vascular cases were excluded. Naturall.y the tumor patients and those 
dead of other prolonged disease showed terminal infections. The ])a- 
tients varied in age from eleven months to fifty-eight 3 ’^ears. Edema 
and necrosis of some pai't of the coronary tree were obseiwed in all 
cases. Chromotropic substance was not observed. Fibianoid was found 
in 18 of the 40 specimens. In the first two decades, comprising 11 
cases, elastica change Avas limited to slight SAvelling, and the Amungest 
patient to shoAv fragmentation or splitting Avas tAventy-four j^ears old. 
After that age the more scA'^ere elastica le.sions AA^ere found in 18 of 31 
hearts. Fibrosis of the intima aa'rs found in onl^’- one of the 11 patients 


Plate HI 

Pig-. 9. — ^Exudative inflammation of medium-sized intramural coronary artery. Fe- 
male, aged nine years. Adventitia shows fibrosis and polymorphonuclear leucocyte.^. 
Media shows fibrosis, edema, infiltration of polymorphonuclears and mononucleans. 
The intima is destroyed and shows cellular infiltration and marked fibrin formation. 
There is no organization of the marginal fibrin and the lumen contains er.vthrocytes. 
The process reduplicates the endocardial lesion of the same heart. Ciinlcally chorea. 
Hematoxylin and eosin. AVratten green filter B-58. X82. 

Pig. 10. — ^Mural fibrin thrombus attached to markedly thickened intima of large 
coronarj- artery'. Male, aged twenty-four years. Hematoxylin and eosin. AVratten 
green filter B-58. X150. 

Pig. 11. — Communicating fibrosis of intima and media with distortion of architec- 
ture (metallaxis) in large coronary. Female, aged thirteen years. Hematoxylin and 
eosm. AA'^ratten green filter B-58. X125. 

Pig. 12. — Marked fibrosis of intima with disorganization of media in large coronary. 
Female, aged ten years. Hematoxylin and eosin. AA’'ratten green filter B-58. X125. 
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ol the Sist two decades, in two o£ 10 patients of the third deeade, m 
6 of 10 of the fourth decade and in 7 of 9 in the fifth deeade, h ihrosvs 
of the media was found in 3 of 9 in the fifth deeade InfillraUon of 
mononuclear colls was found fa 1 case fa the fourth deeade. ^ Venous 
thrombosis was found in only one case, a fifty-eight-year-old white man 
dead of lobar pneumonia. Gross sclerosis of the coronaries was found 
in none of the 5 cases of the first two decades where notation was 
made, in 2 of 5 of the third decade, in 2 of 5 of the fourth decade, in 
of 5 of the fifth and sixth decades. 


Edema is constant in the rheumatic coronaries and in the controls. 
In both series it is probably dne to the presence of infections disease, 
circnlatory disturbance or both, and is obviously more common in the 
media than elsewhere. We agree ivith Segre and Kellner (1921-22) 
that it is not post-mortem artefact. It is probable that it is in some way 
related to chromotropie substance. In the control cases chromotropic 


change ivas not found in the coronary arteries, but it was observed in 
more than half of the rheumatic eases. If sections be stained lightly 
with hematoxylin, it escapes notice' and requires heavy hematoxylin 
staining or staining with polj’-cliromc methylene blue or preferably 
with thionin.. These special methods were not used in all cases, and 
the data here given cannot be regarded as exact. ■ Nevertheless the factor 
of error is probably much the same throughout, and it seems justifiable 
to state that chromotropie substance is frequent in the rheumatic cor- 
onaries. Celliua (1933) stated that in tlie aorta chromotropie sulistanco 
increases as age advances and considered it an age phenomenon rather 
than the result of pathological change. In our rheumatic coronaries it 
it almost equally common at all ages. It cannot therefore, in this situ- 
ation, he an age process alone and is regarded as definitely pathological. 
That it is more common in rheumatic fever tlmn in other severe infec- 
tious diseases is not established by these studies. 


The interpretation of exactly wliat constitutes fibrinoid is not set down 
by tliose who have reported on it. For the purpose of tiiis study it has 
been considered to be an intenselj’- acidophilic substance, arranged in 
fibrillar fashion sometimes witii beading at intersections. It was ob- 
served in many of the controls but was found in all the rheumatic cases 
It was seen most frequently in the media, but was common in tlie intima 
and was found also in the adventitia. Tiiero is little doubt as pointed 


i'LATE IV 

four Male, aged twen 

Male.\ged nSin coronary arte 

Pig. 15.-Nodular intimal flbrosTs of a B-SS. x: 



578 


THE AJIERICAN HEART JOURNAL 


out pi'eviousl.y that fibrinoid is most frequent in arteries the seat of the 
supposedly allergic disturbances, but our control cases and the reports 
of Henschen (1927) indicate that it may be found in other conditions. 

Necrosis was constant in the controls and appeared to be more fre- 
quent in the rheumatic series as age increases The control observations 
nullify those of the rheumatic eases. 

Swelling of elastiea was frequent in both rheumatic and control eases. 
Fragmentation and splitting did not occur in the controls until the 
age of twenty-four years. In the rheumatic cases of the first decade 
these more severe elastiea changes were found in 66 per cent and in 
the second decade in 58 per cent. Thus it is apparent that severe 
elastiea alterations occur earlier than in the eontrols. Furthermore the 
simpler change, swelling, was found to be much more frequent in the 
rheumatic arteries of the first two decades than in the eontrols. We have 
no observations to confirm or contradict the report of Wiesel (1906) 
that some infections injure the elastiea more severely than do others, 
but can state that rheumatic fever produces early and serious damage 
to elastiea of the coronary arteries. 

Aschoff nodules were found to involve the adventitia in about equal 
percentages at all ages. In the younger individuals they were richly 
cellular, often with extensive necrosis, but in later life were more fibrous, 
less frequent in the individual ease and often identified with difficulty. 
In only 4 cases did thej^ extend into the media. We found no evidence 
that they originate in media. In only rare instances could apparent com- 
pression of the vessel be found, but’ this requires fortunate line of sec- 
tion of a thin-walled artery, and the incidence may be somewhat greater 
in actual fact than our observations indicate. In no case was complete 
occlusion by Aschoff nodules observed. The significance 'of the Aschoff 
nodules in the arterial walls is that of involvement of the coi’onary tree 
in the special type of rheumatic inflammation with the implication of 
permanent damage. In our opinion the compression of coronary arteries 
by Aschoff nodules has little if any influence upon the circulation 
within. 

The infiltration into the adventitia of lai’ge mononuclear cells, evi- 
dentlj^ histiocytic in general character, and of those vdth the morphology 
of small l;vTnphocytes and plasma cells, was frequent and practically 
constant after the third decade. This was found in only one of the 
eontrols. It is apparently a part of the rheumatic inflammatory reaction 
and, while not morphologically specific, constitutes paid of that picture, 
dra.mi by IQinge, of collagenous swelling, fibrinoid degenei-ation and 
hyaline scarring to be found in hyperergic I’caetions. It extended into 
the media in onl.y 7 eases. Polymorphonuclear leucocytes played only 
a small part. In 5 eases of the first decade they wei*e found in the ad- 
ventitia of medium-sized vessels and extended into the intima in one 
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of these. In one case of the second decade (nineteen-year-old white 
male) cells were found in the intima of a large coronary, but they could 
not he positively identified as polymorphonuclear leucocytes. In one 
case each of the third and fourth decades polymorphonuclear leucocytes 
were found in the intima of large coronaries. It will probably be neces- 
sary to use oxidase stains on suitable material to determine how great 
a part the polymorphonuclear leucocytes actually play. 

The occurrence of ante-mortem blood clots in the vessels has been 
referred to here as thrombosis. In the smaller vessels it was often 
occlusive, but in several larger vessels it occurred as a mural lesion. 
Some were rich in white blood cells, especially leucocytes; others wei’e 
almost wholly fibrin; and there were mLxtures. They occurred both 
with and without endocarditis lenta. They are interpreted as part of 
the vascular lesion rather than as emboli. This is in accord with the 
fact that the controls showed practically no inflammatory lesions of the 
arteries and in only one ease thrombosis. It is not clear that bacteria 
produce the thrombosis, because in many cases the blood was apparently 
sterile. The only organisms recovered in eases with thrombosis were 
streptococci, but in our eases of streptoeoccemia only half showed throm- 
bosis. That thrombosis is more frequent in rheumatic coronaries than 
in those of other sevei’c infections is not established. 


Although the various forms of intimal disease described by other 
writers have been observed, attention has been centered on fibrosis. 
Special stains for fat in numerous instances have demonstrated it in 
the thickened intima of some of the large coronaries but have been 
negative in the smaller divisions. Generally the intimal fibrosis in both 
large and small coronaries has been nodular rather than diffuse. Even 
in older patients, where extensive fibrosis is often present, it has shown 
nodular augmentation. Microscopically fibrosis was more often observed 


in the .smaller arteries than in the main stems, and this corresponds 
to the infrequency of gross sclerosis of the large coronaries in the reports 
of others and ourselves. By the eiid of the first decade more than two- 
thirds of the eases showed under the microscope intimal fibrosis of the 


smaller vessels. In the second decade 92 per cent exhibited it, aird in 
the third and subsequent decades it was present in all cases. Medial and 
adventitial fibrosis are more difficult to detect and occur less frequently. 
The controls showed intimal fibrosis in 1 of 9 cases of the first decade 
none m tlm second, 2 of 10 in the third, 6 of 10 in the fourth and all 
those of . the subsequent decades. Medial and adventitial fibrosis were 
not found in the controls before the fifth decade. Thus it is apparent 

r.— r- s 
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cious. L'lieroseopieallj^ intimal fibrosis is more frequent tiian would be 
indicated by the gross examination. 

The nature of the intimal fibrosis is uncertain. The fact that it 
increases in incidence as age advances indicates that it is progressive 
and not merely cicatrization or substitution. It is probable that the 
same is true of rheumatic endocardial and pericardial lesions. Thus 
the intimal lesions are closely correlated with the other lesions of serous 
membranes of this disease. Many regard arteriosclerosis in general 
as of inflammatoiy character. If this be true, the intimal fibrosis is in 
the same category. 

No evidence was brought out by our observations that regeneration 
of medial muscle occurs in the course of the arterial disease. 

Special attention was not given to the frequency of involvement of 
arteries other than the eoi’onaries in the rheumatic process, but what 
have been described as typical lesions in the aorta and pulmonary artery 
were frequent. 

The acute lesions of coronary arteries go hand in hand with acute 
lesions of the mj’-ocardium. The latter arc destructive and lead to 
scarring. The amount of scarring increases with age. This might be 
thought of as a progressive fibrosis, but with it there are larger and 
larger areas of muscle destruction, which could hai’dly be secondary to 
the fibrosis. Thus the increasing amount of muscle destruction and 
fibrosis must be due either to recurring acute cycles of rheumatic fever 
or to chronic arterial disease. Many cases, if the history can be de- 
pended upon, are monocyclic. Extensive myocardial fibrosis in these 
cases can better be explained by chronic arterial disease than other- 
wise. This leads to the conclusion that the significant arterial lesion 
for chronic fibrosis of the myocardium is the intimal fibrosis of the 
smaller branches, a view in accord Avith that of Brown (1932) as re- 
gards myocardial fibi’osis in general. Thrombosis can be attributed in 
most cases either to bacteremia or circulatory failure. When it occurs it 
is not vddespread and neither in the fresh nor cicatrized stage could ac- 
count for the extensive myocardial fibrosis. 

CONCLUSIONS 

1. Eheumatic fever regularly produces disease of the coronary ar- 
tei’ies. Either inflammatory or fibrotic lesions or both are practically 
constant. Except for participation by Aschoff nodules, the lesions are 
not specific for rheumatic fever. Fibrinoid degeneration is suggestive 
but not diagirostic. Elastica degeneration aiipears to be especially severe. 

2. The coronary disease is irregulai’ly distributed as to both the 
various divisions of the coronary tree and the individual members af- 
fected. Its relation to myocardial disease cannot be positively estab- 
lished, but the late myocardial fibro.sis is greater than is to be expected 
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tooBi tlio erfy acute myocarditis alone. The mttaenee 

disease upon myoeardial fibrosis is better explained by intimal fibiosis 

than otherwise. „ 

3. Rheumatic fever predisposes to fibrosis of the coronary aitciial 

tree in early life and to what appears to be precocious coronaiy selei osis , 
but, although this is probably a chronic inflammation it has not been 
shown conclusively to be dependent upon the acute degenerative and 

inflammatory lesions. . 

4. The coronary arteries in rheumatic fever undergo a progrcssiv 

sequence of inflammatory lesions which closely resemble those of the 
endocardium and pericardium. It is practically certain that severe 
myocardial damage is associated with the arterial disease. ^ The resulting 
effect upon myocardial efficiency appears to be of significance in the 
clinical management and prognosis of rheumatic heart disease. 
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INCIDENCE AND SIGNIFICANCE OP ACTIVE INFECTION IN 
CASES OP K.HEUMATIC CARDIOVALVULAE DISEASE 
DURING THE VARIOUS AGE PERIODS*'! 

A Clinical and Pathological Study 

M. A. Rothschild, M.D., M. A. Kugel, ]\I.D., and Louis Gross, M.D. 

New York, N. Y. 

TT IS not an infrequent elinieal obseiwation tliat in eases of rheumatie 
* heai-t disease the degree of ineelianieal damage to the heart valves 
does not necessaril}'’ bear a definite relation to the oeenrrenee and ex- 
tent of heart failure. It was recognized bj^ Krehl as early as 1889 
that changes in the nijmeardium rather than the valvular defect were 
probably the immediate cause of cai'diae failure. In an investigation 
of ten cases of cardiovalvular disease, chiefly in elderly people, KrehP 
found fibrosis of the heart muscle, degenerative changes of the coro- 
nary arteries and cellular infiltrations in the myocardium. He at- 
tributed the diminished functional capacity of the heart to these 
changes. At this time he expressed the view that sj’-stematic studies 
of the mj^ocardium in cases of valvular disease should be made. 

Following the discovery by Asehoft’ of the specific mj’oeardial lesion 
in the heart in rheumatie fever, additional attention Avas directed 
toAvard these inflammatory changes in the interpretation of myocar- 
dial failure. In general, lioAveA^er, it seems that the opinions exiiressed 
along these lines haA^e been based solely on clinical impressions and 
isolated obseiwations, rather than on an actual careful examination of 
autopsy material in a large series of cases Avith a systematic attempt 
to correlate the anatomical findings AAutli the clinical observations. 
'The present report represents an iuA’^estigation of the clinical records 
and autopsy material from 161 cases of rheumatie cardiovalvular dis- 
ease studied in the IMount Sinai Hospital, in an attempt to determine 
the incidence of myocardial disease and its relationship to myocardial 
failui’e.f 

Because of the uncei’tainty of clinical data, only those cases Avere 
included AA'hich iiresented anatomically and hi-stologicallj' unmistakable 
CA'idence of present or past rheumatic heart disease; viz., the presence 

•From the Laboratories of the ilount Sinai Hospital, N. V. 

tAiucd by a errant from the Lucius N. Littauer Foundation. 

JTiic terms “iioart failure,” "circulatory failure” and “myocardial failure” are used 
interchanereably in this report to indicate conB-estlvc failure observed clinically or con- 
firmed by patholoerical examination. A patient is classified as belner in congestive 
failure even though death mav ensue from a complicating condition, such as broncho- 
pneumonia or embolism. 
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of verraeoxis endocarditis on a markedly inflamed cusp, Ascliofi: bodies 
in the myocardium, the peculiar valvular deformity xvith its character- 
istic vascularization, certain types of ring lesions, and an old or recent 
auricular lesion. These cases ivere classified as active and quiescent 
according' to the criteria to be described. 

CASES WITH ACTIVE INFECTION 

Needless to saj’, the question as to Avhat constitutes activity of iheu- 
matic infection in the heart may be answered quite properly in a num- 
ber of ways. Grossly, the presence of a fresh pericarditis together with 
the characteristic verrucous endocarditis is generally considered evi- 
dence of activity. Further, the presence in the myocardium of lympho- 
cytes, polymorphonuclear leucocytes, monocytes and swollen or necrotic 
collagen may be considered as additional sig'ns of activity in a heart 
showing other unmistakable evidences of rheumatic infection. Hoxv- 
ever, the presence of the Aschoff body in addition to these other findings 
is accepted as absolute proof of an active rheumatic infection. It is 
generally agreed not only that the presence of the Aschoff body indicates 
activity, but also that these lesions can be found in a very high per- 
centage of active cases (Clawson,^ Thayer,® ICugel and Epstein,^ 
McClenahan and Paul,® and others). In their studies of the standard- 
ized sections from rheumatic hearts, Gross, Antopol and Sacks® found 
Aschoff bodies in 90 per cent of 40 heaiffs showing acute verrucous endo- 
carditis. Thayer found Aschoff bodies in 87.5 per cent of 24 active 
eases, while McClenahan and Paul found them in 85 per cent of 28 fatal 
cases of active rheumatic fever. 

In our series there were 106 cases ivliich showed anatomical evidence 
of active infection. Aschoff bodies were found in 95 of these acute 
cases, an incidence of 89.6 per cent. In the remaining 11 active cases 
there was present either a fibrinous pericarditis, verrucous endocar- 
ditis, acute myocarditis or auricular lesions, but Aschoff bodies were 
not foiuid after an extensive search. 


QUIESCENT CASES 

All eases showing the characteristic valvular deformitj'’ with or 
without evidences of old auricular lesions but without the presence 
histologically of swollen collagen, inflammatory cells, Aschoff bodies 
or a fibrinous pericarditis were placed in this group. 


OUTLINE OP THE PROBLEMS 

. tlras outlined oiir deBnitioiis of tlie type of material we used 

an out asis oi judging of activity and quiescence, we wisli to report 

S actoe nftr^ the trnnous age periods, and second, the signiflcance 
c r » their relation to myo- 



588 


THE a:merican heart journai. 


With regard to the first problem, it is obvious that our statistics will 
depend, as do others, on the age of the patients, on the general inci- 
dence of the disease in tlie community from Avhich this hospital draws 
its material, and on the relative difficulty with which autopsy permits 
are obtained from the various races which inhabit our wards. The 
ward service of the Mount Sinai Hospital consists of 500 beds for 
medical and surgical eases. One hundred of these are set aside for 
pediatrics. The hospital admiis individuals of all ages and of various 
nationalities. Permission for autop.sy examination Avas granted in a 
high percentage of eases, on tlie average 75 per cent in tlie past seven 
years. The incidence of autoirsy jAermits was about equal in all age 
periods and for the A'arious races represented. We may therefore as- 
sume that our statistics are a fair representation of the incidence of 
the disease in general in re.spect to age periods, bearing in mind the 
racial peculiarit.y of our patients and tlie local incidence of disease 
in the community. 

In a sei'ies of 3,000 autopsies there Avere 180 cases AA’ith post-mortem 
eAudence of rheumatic heart disease. As AA’ill be indicated in the text, 
a number of these patients died of conditions other than the past or 
liresent rheumatic infection. Complete anatomical investigation AA'as 
made in 161 of these cases, and our report is based upon the findings 
in this group. Table I sIioavs the age period incidence of active infec- 
tion in these cases. 


Table I 

Incidence of Active Infection in the Vakious Age Periods 


AGE 

/ 

total no. 

STUDIED 

1 active cases 

1 QUIESCENT OASES 

NU.AIBER 

PER 

CENT 

NO. DA'ING 

IN 

FAILURE 

NU.AIBER 

PER 

CENT 


1-10 

22 

22 

100 

oo 

0 

0 

0 

11-20 

44 

41 

95 

38 

3 

5 

1 

21-30 

16 

11 

78 

11 


22 

2 

31-40 

30 

21 

70 

21 

9 

30 

4 

41-50 

21 

S 

38 

8 

13 

62 

9 

51-60 

15 

2 

13 

O 

13 

87 

10 

61-70 

9 

1 

12 

1 


88 

6 

71-80 

4 

0 

0 



100 

3 

Total 

161 

106 


103 

55 1 


35 


cause op death in the a^arious decades 

TAA’-enty-tAvo indiAuduals in this group of 161 cases died in the first 
decade of life. The youngest AA'as an infant of seventeen months. The 
myocardium in all these 22 cases shoAved eAudenees of actiAuty. In 20, 
Aschoff bodies Avere found. All succumbed to myocardial failure. 
The Amhuilar defects on the Avhole Avere minimal. In some instances 
there Avas only a slight thickening and rolling of the antei'ior leafiet 
of the mitral valve or one of the aortic Arnh'^e cusjis. In three hearts 
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there was a slight stenosis of the mitral valve. In all these cases the 
degree of the mechanical defect was so slight that it obviously bore 
no relationship to the myocardial failure. 

In the second decade there were 44 eases. Forty-one of these showed 
activitj^ in the myocardium. In 37 of these, Aschoff bodies were found. 
Thirty-eight patients of these cases of acute rheumatic fever with 
myocarditis died of myocardial failure, or its complications. There 
were three active cases in which the patients did not die of myo- 
cardial failure. One had an extensive pnlmonarj'" tuberculosis j another 
died because of a Streptococcus hcuiolyticus bactei’emia ; the tliiid died 
suddenly after an appendectomy, the underlying active rheumatic in- 
fection not being recognized clinically. In 35 of the 41 active eases in 
which the patients died of myocardial failure in which the degree of 
the valvular defect was studied, nine showed a. tight mitral stenosis and 
two only a moderate valvular stenosis. In the remaining 24, the valvu- 
lar defect apparentlj’" created no gi’eat mechanical hindrance to circu- 
lation. There were three patients who at the time of death showed no 
signs of active infection. One patient of these three quiescent eases 
succumbed to myocardial failure. The valvular defect in this instance 
was slight. The eontributoiy cause for the myocardial failure was a 
severe anemia. The patients in the other two quiescent cases succumbed 
to pneumonia and typhoid fever, respectiveljL 

The number of individuals with rheumatic heaiff disease djdng be- 
tween twenty and thirty yeai-s of age in this series is comparativel.y 
small. There were 16 cases, 11 of which showed an active myocarditis. 
In all of these, Aschoff bodies wei'e found. In all 11 active cases the 
patients died of myocardial failure. In 3 of these a marked mitral 
stenosis was present; in 3 others the defect was moderate or slight. 
There were 5 quiescent eases in this group. Three of tliese showed no 
signs of myocai'dial failure, although in one instance there was a marked 


stenosis of the mitral and aortic valves. Empyema of the chest (Strep- 
fococeus Imnolyticus), a postoperative infection and a purulent pneu- 
monia, respectively, caused death in these instances. A fourth quies- 
cent ease, a boy of twenty-one yeans, presenting aortic insufficiency of 
long duration, gave a history of myocardial failure for seven years. 
This boj^ died suddenly, and upon autopsy there was found a well- 
marked aortic insufficiency and a markedly enlarged heart weighing 
1,105 grams. There were no evidences of activity. The fifth quie'scent 
case, a girl of twenty-four years, with mitral stenosis, gave a history 
of recurrent pulmonary edema associated with mental strain and ex- 
citement. She came to the Iiospital in acute pulmonary edema and at 
autopsy there were no signs of activity. 

The fourth decade group presented some interesting clinical fea- 
tures It IS not, uncommon to find individuals at this age without ante 
cedent h.stoiy oJ rheumatic infection develop oireuktoiy failure for 
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the first time, although a well-marked mitral stenosis may be present, 
indicating that the valvular lesion had existed for a considerable time. 
The cause for the appearance of eii’culatory failure at this time is a 
matter for conjeetui*e; although in several instances an active myo- 
carditis with Aschoff bodies was found on histological examination. 
There were 30 deaths in this decade. Twenty-one of these 30 cases 
showed an active myocarditis. In 20 of these, Aschoff bodies were 
found. In all the cases in the fourth decade showing activity in the 
myocardium, the patients died of circulatoiy failure. The extent of 
the defect and the degree of stenosis of the valves were proportion- 
ately greater in this decade. In 12 instances the stenosis was marked, 
in 4 moderate, and in 4 slight. There were 9 quiescent cases. Four 
of these patients died of circulatory failure. In one tliere was coronary 
arteiy sclerosis and pulmonaiy embolism as the terminating cause of 
death; in another there were miiltiple pulmonary infarcts and emboli 
complicating a bronchitis and bronchopneumonia. In the third there 
was a severe secondary anemia (hemoglobin 18 per cent), while in the 
fourth case there were fotuid no contributing causes for tlie myocardial 
failure. The degree of valvular defect was marked in only one of 
these. In the remaining 5 quiescent cases the patients died of the 
following causes : in two instances there was lobar pneumonia, in one 
a peritonitis, in another a postabortive sepsis, and in the fifth case, 
a carcinoma of the head of tlie iiancreas. The valvular defects in this 
latter group were mild. 

There were 21 individuals who died iu the fifth decade. Eight 
showed evidence of activity, a surprtsingly high incidence so late in life. 
In 6 of these, Aschoff bodies were found. In all 8 cases with evidence 
of active infection in the myocardium the patients .succumbed to myo- 
cardial failure. Thirteen cases wei’e quiescent. Nine of these patients 
died with ertdences of myocardial failure and 4 of other causes. Thus, 
not only is there a sharp increase in the incidence of quiescent cases in 
this age pei'iod, but there is also an increased incidence in the number 
of quiescent eases in which the patients died of myocardial failure. A 
detailed analysis as to the cause of the failure in each quiescent case is 
of interest. Of the 9 quiescent cases in which the patients died of 
myocardial failure, hypertension and coronary atherosclerosis played a 
contributory role in 3 instances (two of these cases were further com- 
plicated by an occlusion of a coronary aiiiery). Coronary thrombosis 
was the cause of death in a fourth case, while bronchopneumonia and 
pleurisy were present in a fifth case. The 4 remaining- quiescent cases 
with evidences of congestive failure were terminated by bronchoimeu- 
monia in two instances and by, cerebral emboli in the other two. The 
cause of death in the 4 quiescent cases in which the patients did not die 
in circulatory failure was as follows : carcinoma in two instances, acute 
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yellow atrophy in one, and renal and miliary tuberculosis in the other 
There was no appreciable ditEerenee in the degree of mechameal defect 


in these groups. . -i i 

Between the ages of Mty and sixty years there were 15 individuals 
who presented at necropsy evidence of rheumatic cardiovalvular disea^ 
past or present. In two of these, an active myocarditis with Aschoff 
bodies was found. In one of the active cases the patient died of a lobar 
pneumonia with some congestive failure, the other succumbed primarily 
to myocardial failure. In this latter instance, a man of fifty-one with 
a history of hypertension, there was found at autopsy a marked athero- 
sclerosis of the coronary'’ arteries with some evidence of an old occlusion. 
Ten patients of the 13 quiescent cases died of myocardial failure. Four 
of these showed emphysema complicated by chronic bronchitis, pulmo- 
nary infarction or coronary arterj'' atherosclerosis. A long'-standing 
hypertension with atherosclerosis of the coronarj’' arteries was the con- 
tributing cause of failure in a fifth case, while in a sixth there ivas in 
addition a thrombosis of the left anterior descending coronary branch. 
In the two other quiescent eases in which the patients died of myo- 
cardial failure there was a marked aortic stenosis. Death occurred 
suddenly in both instances. One of these showed diffuse myocardial 
fibrosis and atherosclerosis of the coronary vessels. Tlie ninth patient, 
a woman of fifty-three yeai*s, died following a cerebral embolism after 
a month of congestive failure with embolization to the bifurcation of 
the abdominal aorta. The patient in the tenth quiescent case of death 
with signs of congestive failure succumbed to a bronchopneumonia fol- 
lowing an operation for the removal of an embolus from the brachial 
artery. There were 3 quiescent cases which presented no evidences of 
myocardial failure. All three patients died of carcinoma. In 10 of 
the 15 cases studied, the degree of the valvular defect was determined. 
In 7 of these there was a marked stenosis of the valves, while in 3 there 
was only a moderate valvular defect. 


Nine individuals with rheumatic cardiovalvular disease survived until 
the seventh decade. Only one case in this entire group showed evidence 
of activity with Aschoff bodies in the myocardium. This patient, a 
woman of sixty-two years, showed in addition evidence of an old occlu- 
sion of a coronary artery and recent bronchopneumonia. She died of ' 
myocardial failure. Of the 8 quiescent cases, 6 patients had eiddences 
of congestive failure. In two, arteriosclerosis of the eoronaiy arteries 
was present, in one instance associated with myocardial fibrosis and in 
the other with hypertension. A third individual, aged sixty-five jmars 
suffered from emphysema and chronic bronchitis and finally developed 
pneumonia. Three others, women of from sixty-five to sixty-seven years 
of age, showed some evidences of congestive failure but died of pneu- 
monia complicating hypertension in two instances and chronic bronchitis 
third. There were two quiescent cases in which patients died of 
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causes other than heart failure — one died of eiysiiielas complicated by 
a streptococcus sepsis and the other of carcinoma. 

There were 4 survivals in the eightli decade. In none of these was 
there any sign of active infection. The patients died of circulatory 
failure. In two of these coronaiy tln'ornhosis ivas found, and in the 
third, in addition to infarctions of the lungs, there was found athero- 
sclerosis of the coronaiy arteries Avith infarcts in the myocardium. In 
tAVO cases the valvular defect Avas moderate; in the third there Avas a 
tight mitral stenosis. The oldest patient studied by us Avas a Avoman 
of eight}^ yeai’s Avith a tight miti'al stenosis and a marked aortic stenosis. 
She died of a mesenteric artery thrombosis Avith no signs of myocardial 
failure. 

DISCUSSION 

The data presented above confirm the belief that neither the degree 
of m 3 ’’ocardial failure nor its on.set neeessarilj' bears a relation to the 
severity of the Amhuilar defect. A search for the inciting cause pro- 
ducing heart failure indicated that in the firet five decades of life an 
active infection in the mjmcardium Avas found Avith significant frequencjL 
Adults AAuth tight mitral stenosis Aidio are admitted to the hospital AAuth 
circulator}'' failure and iiresent no histoiy of either symiitoms or knoAvl- 
edge of a preA'ious rlieumatic infection not infrequent!}' shoAV on his- 
tological examination of the myocardium an actiA'e myocarditis of recent 
origin in a high percentage of the cases. 

One hundred and six of the 161 eases studied shoAved acttye infection 
(Table I). In the first decade all of the 22 cases shoAved CA'idences of 
acttye rheumatic infection, in the second decade 95 per cent, in the 
third 78 per cent, and in the fourth 70 per cent. From the fifth to "the 
eighth decades the percentage, although rapidly decreasing, is still un- 
expectedly high, ranging from 8 cases out of 21 (38 per cent) in the 
fifth decade, to 1 ease out of 9 in the seA'enth decade. This indicates 
a remarkable persistence, or recurrence, of active rheumatic infection 
perhaps comparable to that seen in tuberculosis and syphilis. 

One hundred and three of the 106 patients shoAA'ing active lesions in 
the myocardium died of circulatory failure. Even with the most rigid 
criteria our studies shoAV a striking correlation, if not an actual causal 
relationship betAveen heart failure and actiA'ity. This is true of those 
patients d}dng of circulator}' failure even as late as in the fifth decade. 
The relationship of actiA'e infection in bringing about a circulatory 
brealvdoAvn has already been recognized by Coombs" and by Wilson and 
Kopel.® In studying the significance of the leucoe}'te count as an index 
of rheumatic infection in children, Wilson and Kopel observed that a 
close correlation seemed to exist betAA'een the presence of a leueoe}'tosis 
and a diminished vital capacity measurement in children AA'ith rheumatic 
heart disease. They feel that this fui'ther confirms the conception that 
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cardiac failure in these children is primarily due to infection rathei th 
to mechanical factors. Coombs has expressed the belief that even in 
adults as late as thirty or forty years of age, the onset of dyspnea oi 
myocardial failure may be traced to an active myocarditis which he 
frequently observed on microscopic examination m apparently quies- 


CGHt; CHSGS, 

While the causal relationship of active myocarditis to eirculatorj^ 
failure is veiy striking in the first two decades of life, it is not suf- 
ficiently appreciated that in cases of rheumatic heart disease in adults 
of the third, fourth and fifth decades of life a recurrent rheumatic myo- 
carditis rather than the healed mechanical defects may in the majority 
of instances be the precipitating cause of the circulatory failure. 

The clinical picture of the individuals dying of cireulatoiy failure 
during the first decade did not \&.ry materially from that of the indi- 
viduals dying in the third and fourth decades, nor did the grade of 
circulatory failure differ in individuals in the first attack from that of 
those dying in a recurrent attack. 

These observations apply not only’- to acute circulatory failure but 
especially to those cases of protracted circulatory failure which defy 
our usual therapeutic procedures. An individual in the fii'st five decades 
of life with a chronic valvular defect whose myocardial efficiency is low, 
who has edema and a temperature varying from 99° to 100° for which 
no cause can be found, who does not respond to rest, digitalis and 
diuretics, and in whom no obvious precipitating cause of the my'ocardial 
failure can be discovered, should be suspected of having an active 
rheumatic infection as the underlying cause of his present failure. It 
is not uncommon to see such patients suddenly regain efficiency, espe- 
cially Avhen the signs of active infection have subsided, even when all 
therapeutic measures had previously failed. 


On the other hand, it is true that not all individuals dydng of cireu- 
latoiy failure showed active infection in the mymeardiiim. As men- 
tioned before, this parallelism of activity and myocardial failure is seen 
chiefly in those individuals dying in tlie first five decades of life. 

It is equally important to point out that a number of individuals who 
have had rheumatic heaid disease can become completely quiescent, reach 
the fifth, sixth, seventh and even the eighth decade of life and ultimately^' 
die of a totally unrelated disease without having any evidence during 
life of myocardial failure directly attributable to the mechanical defecte 
of old rheumatic infection. (Table II.) 


Absence of aotivitj., ivUch may be intei-pretecl as quiescence or heal- 
mg, has K™ louncl in this series of fate! cases as early as the second 
ecace. Of the 161 eases investigated, 55 tvere quiescent. Table I 
dioivs the mereasing percentage of quiescent eases in the later decades 

deeadr“'oTthe%'r‘‘’“"“ f in the fifth 

decade. Of the 66 qmescent cases studied, 36 patients died of myocardial 
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Table II 


Cause of Death in Cases Showing No Evidence of Myocardial Failure 


AGE 

SEX 

ACTHUTY 

CAUSE OF DEATH 

13 

M 

Present 

Acute otitis media, sigmoid sinus phlebitis, 
streptococcus sepsis. 

15 

M 

None 

Purulent bronchopneumonia. 

17 

M 

None 

Typhoid fever, hemorrhagic lobar pneu- 
monia. 

19 

M 

Present 

Postoperative death folloiwng appendec- 
tomy. 

19 

F 

Present 

Extensive pulmonary and generalized tuber- 
culosis. 

22 

F 

None 

Chronic pneumonia, streptococcus empyema 
of chest. 

26 

P 

None 

Purulent pneumonia. 

30 

M 

None 

Postoperative infection and hemorrhage. 

34 

P 

None 

Postabortive sepsis. 

35 

M 

None 

Peritonitis. 

35 

M 

None 

Lobar pneumonia. 

37 

F 

None 

Lobar pneumonia. 

40 

F 

None 

Carcinoma of pancreas. 

48 

M 

None 

Spongioblastoma in brain. 

49 

M 

None 

Carcinoma of bladder. 

50 

M 

None 

Generalized tuberculosis. 

50 

P 

None 

Acute yellow atrophy of liver. 

51 

M 

None 

Carcinoma of bladder. 

59 

F 

None 

Carcinoma of colon. 

60 

M 

None 

Carcinoma of pancreas. 

63 

M 

None 

Erysipelas, streptococcus sepsis. 

67 

P 

None 

Carcinoma of head of pancreas. 

80 

P 

None 

Mesenteric artery thrombosis. 


failure or its complications. Twenty-eight of these were individuals 
older than forty years. The majority of those who died of circulatory 
failure in the sixth, seventh and eighth decades showed the contributory 
causes of heart failure to be expected at this age period, such as long- 
standing hjqiertension, coronary artery sclerosis, with occlusion at times, 
and long-standing pulmonaiy disease which increases the burden of the 
right heart. Individuals dying purely of the mechanical hindrance to 
the circulation due to the deformity of the valves were relatively few 
in number. 


SUMMARY AND CONCLUSIONS 

A clinical and pathological study of 161 pei*sons djdng with evidence 
of rheumatic heart disease, past or present, has been made in order to 
correlate chiefly the occuiTence of myocardial failure, the degree of the 
vahmlar defects, and the presence of myocardial disease. 

Of the 161 eases studied, 106 showed evidence of an active infection. 
One hundred and three patients of these 106 active cases died of cii’- 
culatoiy failure. The occurrence of heart failure in the flrst five decades 
of life in individuals who have a valvular defect can, in the majoritj’^ 
of instances, be attributed to an active infection of the mj^ocardium 
rather than to the degree of the mechanical defect. It is .striking to 
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note the high grade of mechanical defect existing in individuals living 
even to the fifth and sixth decade with little or no evidence of conges- 
tive failure. 

In a few instances complete quiescence of the rheumatic mj^ocarditis 
was present as early as the second decade of life. The number of the 
quiescent cases increased considerably in the later age periods. Cir- 
culatorj’- failure in the later decades of life in individuals AAuth valvular 
defects was found in the majoi’ity of cases to be precipitated by the ex- 
pected contributor}’’ causes occurring at this time of life, viz., hyperten- 
sion, either in the systemic or pulmonary circuit, atherosclerosis of the 
coronary arteries, coronary thrombosis, myocardial’ degeneration and 
fibrosis. 
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THE FORM OF THE ELECTROCARDIOGRAM IN EXPERI- 
MENTAL MYOCARDIAL INFARCTION 

I. Septal, Infarcts and the Origin of the Preliminary Deflections 
OF THE Canine Levocardiogram^^ 

Frank N. Wilson, M.D., Ian G. W. Hill, M.B.,t and 
Franklin D. Johnston, M.D. 

Ann Arbor, Mich. 

introduction 

T his article is the first of a series in wliicli the changes in the form 
of the electrocardiogram observed after the ligation of the various 
subdivisions of the eoronaiy arteries Avill be described. The experiments 
were carried out upon large dogs. In this animal the region supplied 
bj'" the left coronary arteiy is much lai’ger than that supplied by the 
right. A few millimeters from its origin the former vessel divides into 
three branches : the circumflex, the anterior descending, and the septal. 
The last nourishes a large part of the ventricular septum. When it is 
ligated, pronoiuieed disturbances in intraventricular or in atrioven- 
tricular conduction usually oceiu’. The anterior descending branch usu- 
allj^ supplies most of tlie ventral wall of the loft ventricle including the 
anterior papillary muscle, and those portions of the ventral wall of the 
right ventricle that lie near the interventricular sulcus. The circum- 
flex branch usually supplies mo.st of the dorsal wall of the left ventricle, 
including the posteidor papillary muscle and the more apical portions 
of the dorsal wall of the right ventricle. The right eoronaiy artery 
supplies the more basal portions of the Avail of the right ventricle. There 
are of course numerous variations in the distribution of these vmssels 
and their branches and in the manner in Avhich they anastomose, so 
that the extent and the exact location of the infarct produced by ligat- 
ing any one of them are Amriable. 

The chief purpose of this paper is to describe and to discuss the 
three experiments in Avhich the septal artery Avas ligated. In all of these 
complete right bundle-branch block deAmlopcd, and aa^c haAm therefore 
included here a description of the changes in the form of the levocardio- 
gram obseiwed after the ligation of other coronary arteries. 

EXPERIMENTAL PROCEDURE 

Wlien we desired to study tlie immediate effects of coronary ligation, the animal 
was fully anesthetized with morphine and urethane and brought to the electrocardio- 

*From the Department of Intei-nal Medicine. University of Michifran Medical School. 
tOf the Department of Medicine, University of Aberdeen. 
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grapUic laboratory, rvliere it was placed upon its back on a dog board. After be- 
ginning artificial respiration, tlie cbest was opened by splitting tlie sternum. A 
iLision parallel to the long axis of the heart was then made m thyericardrum 
and the cut edges were sewn to the margins of the chest wound so that the heait 
lay suspended as in a hammock. If the morphine given caused a pronounced slowing 
of the heart or a tendency to independent ventricular activity, the vagi were cut. 
For the standard electrocardiographic leads the electrodes were small copper disks 
with binding posts attached; these were sewn under the skin of the extremities. 
Similar electrodes were used for precordial leads, which were taken before the chest 


was opened. 

When it was desired to study the late effects of infarction, the ligation operation 
was done in the surgical laboratories, and morphine and ether were used to induce 
anesthesia. A flap of skin and muscle in the precordial region was turned back, 
and the chest was opened by cutting through an intercostal space and retracting 
the adjacent ribs. A small incision in the pericardium gave access to the vessel 
selected. After this was tied, the chest was quickly closed layer by layer, and the 
animal was allowed to recover. Aseptic precautions were observed and infection 
was rare. No electrocardiograms were taken prior to, or immediately following, 
the operation. In making eleetToeardiographic observations after the desired inter- 
val liad elapsed, the same plan was followed as in the experiments in which the 
immediate effects of coronary ligation were under investigation. 

In ligating the septal artery we adopted the method employed by Lauterb.nch.i 
A complete description of this method and of the anatomical relations udll be found 
in his article. This vessel is rather difficult to reach ; it comes from the under 
side of the main trunk or the anterior descending branch of the left coronary artery 
very close to the junction of the anterior descending and circumflex brandies. This 
junction is exposed hy careful blunt dissection beneath the left auricular appendage 
in the angle between the attachment of this aiipendage and the pulmonary artery. 
A ligature is then passed first beneath tlie anterior descending branch close to its 
origin and then beneath the main trunk and beneatli tlie circumflex branch in turn. 
When tied it is almost certain to catch the septal vessel. The dissection must be 
carried out with great care if uncontrollable hemorrhage is to be avoided. 


DESCRIPTION OP SEPTAL EXPERIMENTS 

Tlic iininGdiatG effects of scptnl libation were stiiclied. in only one cin- 
imiil (Experinieiit J), In less than two niinntes sfter tjdng’ tlic ligature 
there was a slight elevation of the liS-T segment of the ventricular com- 
plex in Lead I and a pronounced depression of this segment in Lead III. 
Tliese changes became slightly more conspicuous within the next few 
minutes (Pig. 1) and persisted. The first evidence of intraventricular 
block appeared one hour and forty-five minutes after the ligature was 
tied. At this time incomplete rigid bundle-branch block developed. 
Complexes characteristic of complete right branch block were observed 
about twenty minutes later. After a short period during which the 
block was at times incomplete no further change in the form of the 

T™'*- ’’y Much.g ven- 

t icalai flbnllnlion about four boms after the septal artery was oe- 

I e . n opening the heart, the infarct was faintly visible as a slio'htly 
discolored area, some 3 cm. i„ diameter, on the left side „rtbo uppS- 
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septum. Oil palpation it was much firmer than the rest of the yentrieu- 
lar muscle. Both of the main subdivisions of the left bundle-branch 
crossed the affected area, which extended doivnward to the apex of the 
posterior papillarj^ muscle and involved the upper three-fifths of the 
septal muscle. On the right side of the seiitum no change in the muscle 
was visible to the naked eye. Mieroseopic examination of the upper 
septum sliowed cloudy swelling and Zenker’s necrosis, but no leucocytic 
infiltration or hemorrhage. No attempt to determine the condition of 
the bundle branches hj^ histological examination was made in this or in 
our other experiments. 

In two experiments the late effects of septal ligation were studied. In 
lioth of these the electrocardiographic observations were made forty- 
eight hours after tying the artery. In the first (Experiment 46) the 



Pig:. 1. — Experiment J. Lead I (above) and Lead III taken simultaneously just 
before and at various intervals after ligation of the septal branch of the left coronary 
artery. A was taken seven minutes before ; B, three minutes after ; Cj forty-two 
minutes after ; D, sixty-two minutes after ; and B, two hours after tj'ing this vessel. 


standard leads taken before opening the chest showed complete right 
branch block, with ventricular complexes of unusual outline in Leads 
II and III (Fig. 2). A sei’ies of precordial leads was also taken. The 
exploring electrodes were sewn beneath the skin along a line passing 
across the iirecordium in a right-to-left and base-aiiex direction. This 
line intersected the midline 15.5 cm. below the epistenial notch, and 
made an angle of about sixt 3 ’'-five degrees with the long axis of the 
bod.y. The indifferent point paired with each exploring electrode in 
turn Avas a central terminal connected to the tAvo fore legs and the left 
liind leg through resistances of 5,000 ohms.- In the eur\^e taken farthest 
to the right tlie chief upstroke of QRS is late. It begins about 0.06 sec- 
ond after tlie first Amntrieular deflection in Lead I. In the curves from 
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the left side of the preeordiiim the chief iipsti’oke is early. It occurs 
about 0.02 second after the first deflection in Lead I. In these curves 
there is a conspicuous inverted peak synchronous -with R in Lead I and 
a broad upward movement synchronous ivith S in Lead I. The midline 
curve is transitional in form, but the main upstroke is early. The pre- 
cordial electrocardiograms are strikinglj’- similar to those obtained in an 



Experiment 46. Electrocardiograms taken forty-eight hours after lieatinn 

precordiS'^^ shows^four'prlcordiir^eJds teto^limuuki^ously'^ witlfljfd ^h| 
taken after opening the chest. ComK heart Sc Ts preseS. ^ ^ 


experiment previously reported^ in which the right branch of the His 
bundle was cut. 

After the preeordial leads had been taken, the chest was opened; but 
before the heart could be exposed, complete atrioventricular block de- 
veloped. It persisted to the end of the experiment, and direct curves 
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which could he compared with those taken from the precordium were 
not therefore obtained. The idioventricular complexes were extremely 
variable in foim, and although direct leads were taken it was not pos- 
sible to determine with certainty where the ventricular center or centers 
responsible for the vai-ious types of eomplexes were located. When 
the ventricular complexes were of the kind shown in Fig. 2, it was 
thought that the -^ventricular rhjdhm arose on the left side. A sharp 
electrode, insulated except at tlie tip, failed to yield deflections of the 
monophasic type when it was tlirust tlirough the wall of the right ven- 
tricle into the septal muscle, indicating that this muscle, or much of it, 
was dead. 

A photograph of the left side of the scpium sliowing the location of 
the infarct is shomi in Pig. 3. The right side of the septum showed 



Fig-. 3. — Experiment 46. Pliotograph of the endocardial surface of tlie left ventricle. 


extensive changes of a similar kind, affeeting its upper two-thirds. When 
the septum was sectioned, a large cavity due to liquefaction necrosis was 
found extending about 1.5 cm. doitaiward from the upper margin. On 
microscopic examination this cavity was seen to be surrounded by a 
zone of dense leucocjdic infiltration in necrotic muscle. Outside tliis 
zone there was an extensive area of patchy necrosis. 

In the other instance (Expei’iment 51) in which tlie septal artery was 
ligated, the standard leads .shoAved comiilete right branch block with 
ventricular eomiilexes not strikingly different from those usually ob- 
tained after the right branch of the His bundle has been cut (Pig. 4). 
The form of these complexes was considerably altered by opening the 
chest, but remained the same in general outline. The prceordial curves 
are somewhat distorted by alternating current. The exploiang electrodes 
were sevm beneath the skin along a lino which crossed tlie precordium 
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in a base-apex direction and intersected the midline at an angle of 
about seventy-eight degrees 17 cm. below the epistenial notch. In the 
curve taken farthest to the right the chief upstroke of QRS begins 
about 0.04 second after the beginning* of the QRS interval. In that 
taken furthest to the left the chief upstroke of QRS occurs about 0.02 
second after the beginning of the QRS interval. In fonn the precordial 



of mfslpta? Leaf taXen forty-eight hours after ligation 

after opening the chest. Vn, the potential of riJht anC .B, the same leads 

the left fore leg. Vp, the potential of the leffhlnd®^ ^ Potential of 

cordial curves taken simultaneouslv with Lead T shows four pre- 

sponding curves of Fig. 2 excent tiiat r.ov.fi 1 same method as the corre- 

of the various exploring electrodes was as foIlowsfV*^'^^- ® ^ niillivolt. The position 
line; V=, in the midlini ; Vs 9 5 cm tn tUo the right of the mid- 
left of the midline The last^voif’^i *®tt of the midline ; Vi, 17 5 cm to tiVo 

miSlS ^Tfe%^ptf,!^ ffirof^ f ™s'lTcm. 

different point for these leads wni tuo^ ot the left ventricle Tho 

on thtSrdsfn ink.''"'^'^ reference to thrbeglnning f "tlf^QRS if ewfis iJIfufen 
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curves are similar to the corresponding curves of the previous experi- 
ment. The indifferent point was again a central terminal connected to 
the two fore legs and the left hind leg through resistances of 5,000 ohms. . 
Leads fi’om the first three preeordial electrodes were, however, , also 
taken by placing the indifferent electrode on the left hind leg. Usually 
the precordial cuiwes taken by the two methods show only minor dif- 
ferences, but in this instance the curves taken by the second method 
are very different from those obtained by the first and are so strildngly 
alike in form that it is clear that thej’- are dominated by the potential 
of the hind leg electrode (Pig. 5). The potential variations of this 
electrode and of the electrodes on the two fore legs were recorded by the 
method described in a preceding article.- The curve from the left hind 
leg is veiy much like those from the left side of the preeordium (Pig. 4). 



Pigr. 5. — Experiment 51. The upper records are tlie same as Vi , Vs and Va of Pis. 
4. The lower records were taken from the same exploring- electrodes, but these were 
paired with the left hind leg electrode instead of with the central terminal. 


The curves from the two fore legs are very much alike and ai-e somewhat 
similar to those from the right side of the preeordium (Pig. 4). Semi- 
direct leads from a pad soaked in saline and laid upon the exposed heart 
were also taken, using the central terminal as the indifferent point. As 
in the ease of the precordial leads, the curve taken farthest to the right 
shows a late, and that taken farthest to the left an early, chief upstroke. 
The pad curves and the corresponding iirecordial cui’ves are similar in 
general outline (Pig. 4). 

Before direct leads could be talcen, the heart dilated and the animal 
died. Photographs of the right and left sides of the septum are repro- 
duced in Pig. 6. On the left side the apex of the anterior papillary 
muscle was infareted; this part of the lesion is apparently due to the 


WILSON ET AL. : EXPERIMENTAL MYOCARDIAL INFARCTION 603 

unintentional obstruction of a small arteiy on the left margin of the 
heart at the time of the ligation operation. Practicallj’- the whole of 
the upper septum was necrotic; on microscopic examination there Avas 
a small area of autolj^tic softening surrounded by a heavy zone of leuco- 
cytic infiltration. 
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ing'ly abnormal. They showed moderate left axis deviation with a 
pi’ominent E spike in Leads I and II and large S deflections in Leads II 
and III. The infarct was not discovered nntil the heart was opened. 
It was visible onby on the left side of the septum and was circular and 
about 3 cm. in diameter. The 2 )Osterior subdivision of the left bundle 
branch crossed the region involved; the anterior subdivision did not. 


COMMENTS 

The experiments described are of interest from several points of view. 
The first (Experiment J) shows that the ligation of a coronary artery 
is followed by displacement of tlie RS-T scginent of the ventricular com- 
plex even when the affected muscle lies in the septum and the epicardial 
surface of the heart is not involved. The last two experiments indicate 
that precordial leads may be of great value in locating the conduction 
defect when the ventiaeular comi^lexes of the standard leads are of 
unusual outline. In Ijundle-braneh block the prccordial curves are 
often eharaeteristic in eveiy respect when the standard cui'ves are not. 
The third experiment shows also that when the potential variations of 
the preeordium are unusualbv small, the metliod of taking precordial 
leads in which a central terminal connected to the apices of the triangle 
formed by the three standard leads is used as tlie indifferent ijoint has 
great advantages over that in Avhieh the indifferent electrode is placed 
on one of the extremities. 

In the bovine heart, strands of Purkinje tissue which pass through 
the septum and join the Purkinje network of the right to that of the 
left ventricle have been described by WahliiP and by Cardwell and 
Abramson.® Rothberger® has advanced the view that similar tracts of 
special tissue cross the septum in the dog’s heart. If we understand 
him correctly, he believes that the destruction of these tracts should con- 
sidei-ably increase the QRS interval of branch-block curves. Referring 
to Mahaim’s views" with respect to the lesions responsible for the electro- 
cardiographic changes attributed to arborization block, he suggests that 
widespread lesions of the septum Avhich . destroy the connections between 
the Purkinje systems of the two ventricles and also involve the bundle 
branches to a greater or less extent should produce curves of this kind. 
So far as our experiments have any bearing iipon these opinions, they 
do not tend to confirm them. The QRS interval is apparently no 
greater in right branch block when it is produced by septal ligation 
than when it is produced by cutting the right branch of the His bundle. 
The ventricular complexes do not resemble those attributed to arboriza- 
tion block more in the one case than in the other. If connections be- 
tween the terminals of the two bundle branches were present in our 
animals, it is of course i^ossible that they escaped destruction either be- 
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ca-Rse they lay outside the infarcted region or because Purkmje tissue 
is less easily killed by cutting off its blood sunply than is ordinary heart 
muscle. It is evident that some of the subdivisions of the left bundle 
branch which crossed the infarcted area continued to conduct. Lack of 
suitable equipment made it impossible to make serial sections of the 
infarcted region. 


■ ORIGIN OF THE PRELIMINARY DEFLECTIONS OF THE LEVOCARDIOGRAM 


The experiments under consideration and some observations made in ex- 
periments of the same series in which other coronary vessels were ligated 
are of interest from still another standpoint. In right branch block 
the deflections inscribed during the first part of the QPS intenml repre- 
sent the spread of the excitatory process over the muscle of the left 
ventricle. Each part of this muscle as it becomes active plays its in- 
dividual part in the formation of these deflections. When a section 
of the septal or of the free wall of the left ventricle is dead, the electrical 
forces that it normally jiroduces can no longer occur. A study of the 
ventricular complexes of dogs with right branch block and extensive 
infarcts of the left ventricular wall should therefore give some indica- 
tion of the origin of the various deflections of the nonnal canine levo- 
cardiogram. In the ease of septal infarcts all the subdivisions of the left 
branch of the His bundle cross the infarcted region. It cannot be as- 
sumed that these tracts always escape injury and that all the changes 
in the levoeardiogram produced by ligation of the septal artery are 
due solely to destruction of the part of the left ventricular wall affected. 
Injury to the specialized tissues probably plays no important role in 
determining the alterations in the levoeardiogram produced by infarcts 
of the free wall. 

It should be pointed out also that the electrocardiographic changes 
that occur during the earlier stages of infarction are not due to death 


of the affected muscle. The immediate effects of coronary ligation are 
the result of injury to the cell membranes of the muscle fibers whose 


blood supply has been cut off; ten or twelve honi’s must elapse before the 
fatally injured tissues become incapable of producing potential differ- 
ences. It may take even longer for the injury currents set up at the 
margins of tlie infarct to subside completely. We shall therefore con- 
sider only those electrocardiograms that were taken at least twenty- 
four hours after a coronaiy artery was ligated. The fonn of tlie canine 
levoeardiogram vanes considerably from animal to animal. Minor 
changes in tins curve cannot be detected unless control emwes from the 
same animal are available for comparison. Since such material is not 
at our disposal, we must be satisfied for the present with such informa- 
lon as may be obtained by comparing the right branch-block curves of 
dogs with extensive infarcts and those of healthy animals. 
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Some years ago Lewis® made a careful study of the ventricular com- 
l)lexes that characterize right branch block in the dog under conditions 
similar to tliose that obtained in oiu’ experiments. He found that the 
great majority of animals give concordant curves in which the chief 
initial deflection (S) is downward in all three leads. In his experi- 
ments its value in Lead I usually lay between 0.2 and 1.3 millivolts; 
in Lead III, between 1.1 and 2.5 millivolts. The preliminary deflections 
ordinarily consisted in a small domiward movement (Q) followed by 
an upward excursion (R)- The value of the fonner varied between 
0 and 0.2 millivolt in Lead I and between 0 and 0.15 millivolt in Lead 
III; that of the latter between 0.1 and 0.3 millivolt in Lead I and be- 
tween 0.2 and 0.9 millivolt in Lead III. In a few animals the levo- 
cardiogram was discordant, and the chief initial deflection of Lead I 
was upward. Lewis gave measurements of the curves obtained in twelve 
experiments; in half of these right branch block was produced by 
means of a clamp, and the possibility that some of the anterior sub- 
divisions of the left bundle branch were damaged cannot be excluded. 
Similar measurements of the right brancli block curves of twenty-two 
animals are shovm in Table I (H2 to HIS inclusive). To consen^e 
space, measurements of Lead II are omitted. Most of these curves were 
taken by Wilson and Herrman^ in the course of their work on incom- 
plete bundle-branch block. In all the experiments the animal was 
placed on its back and the chest was o])ened by splitting the sternum. 
In the last ten (H6 to HIS inclusive) one or more attempts to cut the 
left branch of the bundle ^vere made before the right branch was at- 
tacked. In four (H7, H16, H17 and H22) of these ten experiments the 
cuts on the left side produced transient left branch block, but the ven- 
tricular complex regained its normal form before the right branch block 
was produced. No experiment is included in which the major subdi- 
visions of the left branch were not intact Avhen the heart was opened. 
With a few minor exceptions all the measurements fall within the limits 
given by Lewis. Table I also gives measurements of the right branch 
block curves of ten dogs with infai’cts of various lands (Experiments 46 
et seq.). The cniwes are reproduced in Pigs. 2 B, i B, and 7 B, B, F, 
H, K, M, 0 and Q. 

The levoeardiogram of the first animal (Experiment J) in which the 
septal arterj'- was tied is of the discordant type, but all the deflections 
of Lead I are small. Since Ave cannot assume that the infai’cted muscle 
was dead when the electi’oeardiograms were taken, this experiment is 
not suitable for our present purpose. The ventricular complexes of the 
second animal (Experiment 46) are of iniusual outline, particularly in 
Leads II and III. In the latter lead, Q is abnonnally deep and R is 
greatly exaggerated. The final doAvnward movement (S) is less pro- 
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noimeed than usual. The onset of complete atrioventricular block with 
idioventricular complexes of varying form suggests that the left bundle 
branch was seriously damaged and eventually failed completely. It is 
possible that only a single subdivisioji was functioning when tlie first 
euiwes were taken. Ventricular comjjJcxcs strikingly similar in form 
Avere obtained bj" Kothberger and Winterberg”’ (their Plate X, Figs. 8e 
and 8f) in an experiment in wliieh they had cut the right and all the 
more posterior subdivisions of the left bundle branch. Complexes in 
which the chief initial deflection is upAvard in Lead III appear to be 
frequent under these cireum.stances. Such curves (Fig. 8 II) AA^ere ob- 
tained in one of our experiments in Avhich the incisions on the right side 
of the septum Averc so deep that they reached almost through it. When 
the heart AA^as opened an extensive extravasation of blood Avas found 
about the posterior branches of the left division. It seems probable that 
the peculiarities of the ventricular complexes in our second septal ex- 
periment Avere due mainly to blocking of these tracts. It is of course 
uncertain Avhat effect opening the chest might have had upon the form 
of these curves. 

In the third experiment (Experiment 51) the form of the branch 
block complexes is less unusual. They are not clearly outside normal 
limits. In vicAv of the large amount of muscle infarcted this is somcAAliat 
of a surprise. It is probable, hoAvever, that if control curves from the 
same animal Avere available for comparison, definite changes could be 
detected. 

The eleetrocardiogTams taken before and after cutting the right branch 
of the His bundle in five experiments in Avhieh the anterior descending 
branch of the left coronary artery had been ligated at least tAA'enty- 
four hour’s before are reproduced in Fig. 7. The bicardiogi'ams are 
similar to the human cui'a’Cs obtained in coronary thrombosis affecting 
the same Amssel.^^ Irr Lead I the first A'cntricular deflectiorr (Q) is doAAm- 
AAmrd arrd is of large amplitude; in Lead III the first deflection is up- 
Avard. The right brarreh block complexes of the first set of cur’Ams (Ex- 
per’imeirt 11) are rrot abnormal. The ligation operatioir Avas per’formed 
seventy-eight days before the electrocardiographic studies Avere made. 
There Avas arr exterrsive subendocardial sclerosis oir the ventral Avail of 
the left Amntriele; this lesion penetrated the AA’^all OAmr an area a cerrti- 
meter or less in diameter. When the right side of the heart Avas opeired, 
no cut crossing the course of the right division could be seerr, but it is 
eAudent that this bundle must liaAm been damaged. The second set of 
cunms (Fig. 7 C and D) is from an experiment in AA’liich the infarct 
penetrated a narroAv strip of the left Amntricular Avail on the left margin 
of the heari. The lesion Avas more extensive on the endocardial sui’face 
and im’olAmd the anterior papillary muscle. In three experiments (14, 
19, and 29) the infarct Avas Amry large and involved the greater part of 
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the ventral and left lateral wall of the left ventricle, and the adjacent 
portions of the ventral wall of the right ventricle. In the branch block 
complexes of the last four experiments (15, 19, 14, and 29) the pre- 
liminary deflections (Q and R) of Lead I either are absent or are rep- 
resented merely by an irregularity on the descending limb of the chief 
deflection (S), which is unusually deep. In the last experiment the pre- 
liminaiy deflections are absent in Lead III as well (Fig. 7-Jf). In this 
instance the apex and the apical third of the dorsal wall of the left 
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ventricle, as well as praeticallj’- the whole of the ventral wall, were in- 
cluded in the infarct. 

While it is true tliat eitlier or both of the preliminary deflections of 
Lead I may be inconspicuous in the right branch block complexes of 
normal animals (see Table I), this is distinctly unusual, and the proba- 
bility that it would occur accidentally in four experiments in succession 
is very small. We attribute tlic peculiarities of both the levocardiogram 
and the bicardiogram in these experiments to the absence of the electrical 
effects normally produced by tlie spread of the excitatory process over 
tlie infarcted region. 



Pig. 8. — ^All records show Lead I and Lead III taken simultaneously. Figures writ- 
ten on the records give the QRS interval in seconds. Top row: Experiment 45. A, 
after opening the chest ; B, after cutting the anterior subdivisions of the left bundle 
branch; O, after cuting the right bundle branch. Middle row: Experiment 50. D, 
after opening the chest ; E, after cutting the anterior subdivisions of the left bundle 
branch ; E, after cutting the right bundle branch. Bottom row : Experiment 
13. G, after opening the chest. H, after cutting right bundle branch. There was pro- 
nounced extravasation of blood about the posterior subdivisions of the left bundle 
branch. 


It should be pointed out tliat these changes are not due to damag-e 
to the anterior subdivisions of the left bundle branch, which transmit 
the excitation wave to the region affected. The electrocardiograms taken 
in two experiments in wliich these tracts were cut are reproduced in 
Fig. 8. It v/ill be observed that the changes in the bicardiogram pro- 
duced by this procedure are quite different from those observed follow- 
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ing ligation of the anterion descending coronai\y artery. The latter can- 
not therefore logically be attributed to intraventricular block affecting 
the tracts in question. Exceiit for the absence of distinct preliminary 
deflections in Lead III in one set of curves (Fig. 8-F) the branch block 
complexes of these experiments are not unusual. The levocardiograms 
are not of the discordant type in which the chief deflection of Lead I is 
upward, as is often the ease when the anterior branches of the left di- 
vision have been injured.^®’ ® Ligation operations, partly unsuccessful," 
had been performed on both of the animals used in these experiments. 
In each case a, small infarct involving only the inner layers of muscle, 
and approximately a. centimeter in diameter, was discovered when the 
left ventricle was opened. In one instance the lesion involved the base 
of the anterior papillary muscle; in the other it lay just above the apex 
of this structure. It seems unlikely that these infarcts liad any im- 
portant influence on the form of the ventricular comiilexcs. 

The sixth set of curves (L and kt) shoum in Fig.- 7 is from an experi- 
ment in which the circumflex branch of the left coronary artciy ivas 
ligated forty-eight hours before the electrocardiograms were taken. In 
Lead I the ventricular deflections of the bicardiogram arc very small; 
in Lead III the first and chief deflection (Q) is downward. Similar 
changes in the bieardiogram in Lead III are seen in coronary thrombosis 
in man, when the infarct is on the posterior wall of the heart. In the 
branch block curves preliminary deflections are absent both in Lead I 
and in Lead III. The last two sets of curves are from animals wuth 
infarcts of the right ventricle produced by ligation of the right coronaiy 
arteiy. In the bicardiograms the first ventricular deflection is upward 
in both Lead I and Lead III. In one instance the preliminary deflections 
of the ievocardiogram are inconspicuous in Lead I, but the branch block 
curves are not strikingly peculiar in other respects. 

While the experiments described do not enable us to identify with 
certainty the portions of the left ventricular muscle cliicfly responsible 
for the various deflections of the canine Ievocardiogram, they offer a 
few valuable suggestions. Since the larger of the preliminary deflections 
(R) is preserved when a. large part of tlie septum proper is destroyed, 
but tends to disappear when the free wall is extensively involved, it is 
hardly possible that this deflection can be of septal origin. The changes 
in the bicardiogram produced by infarcts that involve tlie ventral and 
those that involve the dorsal wall, respectively, would lead us to expect 
that this peak would be abolished in Lead I by infarcts of the fonner 
and in Lead III by infarcts of tlie latter kind. This is essentially what 
we find to be the case. The infarcts produced by ligation of the anterior 
descend ing artery usually involve the left margin of the heart, and it is 

*The larg-e vessel selected for ligation was missed. 
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probably tbe activation of this portion of the wall that contributes most 
to R of the levocardiogram in Lead I. These infai’cts also tend to in- 
volve the muscle to which the anterior margin of the septum is attached, 
but do not in the dog extend to tlie septum proper. Tlie infarcts pro- 
duced by occlusion of the posterior descending arteiy'^ usually face to- 
ward the left leg in man and toward the left hind leg in the dog. These 
parts of the Avail AAdien uninfareted produce eleetrical effects that tend 
to make this extremitj’’ relatively positiA’^e, and are chiefly responsible 
for R of the levoeardiogram in Lead III. Infarction of these parts, by 
subtraction of these electrical effects causes disappearance of the R de- 
flection, and its replacement by a doAAmAAmrd deflection in that lead. 
These infarcts also tend to involve the muscle to AAdiich the posterior 
margin of the septum is attached. We believe that the infarction of 
those portions of the AA^all attached to the septal margins is unimportant 
so far as the disappearance of the preliminaiy deflections of the levo- 
cardiogram is coneernedf both in tlie case of ventral and in the ease 
of dorsal infarcts. Tliis muscle must be activated in the same general 
direction as the septum proper and should produce similar electrical 
effects. 

The other preliminary deflection (Q) is inconstant in healthy animals, 
and its identiflcation depends upon the presence of an R summit. Con- 
sequently, our observations throAV very little light upon its origin. We 
may point out that a large Q deflection may be present in Lead III 
Avhen a large part of the septum is dead (Fig. 2). It seems probable 
nevertheless that in normal animals Q of the levoeardiogram is pro- 
duced by muscle on the septal rather than by muscle on the left lateral 
side of the left ventricle. One should not be confused by a terminology 
that is convenient for the pui'poses of description, but has nothing to do 
Avith origins. The current terminology, AAliich Ave do not propose to 
change, refers to Q as any initial doAAOiAA^ard deflection preceding the up- 
stroke R; it is not concerned Avith the origin of this deflection. The 
small deflection under consideration is not analogous to the Q deflection 
of the human levoeardiogram except in cases Avhere the human levo- 
cardium is similar to that of the dog. When in branch block curves the 
chief and broadest QRS deflection in one lead is upward, the small de- 
pression that precedes it, though technically called Q, is really in causa- 
tion analogous to a preliminary R deflection upside doAAoi. 

In a previous article the vieAV aaus adAmnced that the chief initial de- 
flection of the levoeardiogi’am (S) is not due to activation of the free 

♦In the dog this vessel is derived from the oircumdex branch of the left coronary ; 
in man it is usually derived from the right coronai’y- 

tThe form of the bicardiogram after ligation of the anterior descending or of the 
circumflex branch of the left coronary suggests that this procedure alters the form 
of the dextrocardiogram as well as that of the levoeardiogram. After ligation of the 
former vessel stimulation of the anterior surface of the right ventricle may yield in 
Lead I complexes that begin with a deep downward excursion. 
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wall of the left ventricle, hut is of septal origin. This statement re- 
ferred, of course, to the descending limb of the large doivnward deflec- 
tion in idght branch block, and not to the later portions of this deflection 
which are clearly contributed by right ventricular muscle. One might 
therefore expect infarcts of the lateral wall to increase, and infarcts 
of the septum to decrease the size of this deflection. The matter is, 
however, somewhat complicated. First of all, we do not usually know 
in an individual case of right branch block at exactly what point right 
ventricular effects begin to modify tlie true levoeardiogram. In the 
second place, infarcts of the lateral wall cainiot modify deflections 
normally written by the septum after the activation of the lateral walls 
has l)een completed; septal infarcts cannot modify deflections ordinarily 
written by the right ventricle after activation of the septum has been 
completed. If the right ventriciflar effects are alone responsible for 
the deepest part of S, infarction of the septum can do no more tlian 
alter the position and slope of the descending limb of this deflection. 
Theoretically, infarcts of the septum and infarcts of the lateral wall 
of the right ventricle should, however, if the view under consideration 
is correct, algebraically diminish the area of the initial deflections in 
right branch block. Infarcts of the lateral wall of the left ventricle, 
on the other hand, should increase this area. The observations reported 
here do not either confirm or discredit the hypothesis that the chief 
deflection of the levoeardiogram is of septal origin. The changes in S, 
if present, are not pronounced enough to enable us to detect them with- 
out control observations on the same animals made before the infarcts 
were produced. In the absence of control curves it has seemed useless 
to measure the areas of the initial deflections, a laborious operation. It 
may be noted that in the experiments in which the anterior descending 
artery was ligated S does appear to be unusually deep and the area of 
the initial deflections unusually small (absolutely large but negative 
in sign) in Lead I. In one of the septal experiments S is small and 
the area positive in the same lead. In Lead III, however, S is deeper 
and the area more negative in the latter experiment than in any of the 
former group. Since any conclusions must involve assumptions difficult 
to justify, it is not worth while to discuss this matter further at this 
time. 

Since infarcts of the free wall modify B of the levoeardiogram, at least 
pari of the muscle affected must nonnally begin to produce potential 
differences veiy early in the QRS interval. We strongly suspect that 
practically all the endocardial surface of the left ventricle is already 
active when the upstroke of this deflection begins. Apparently the 
muscle that contributes to even the earliest ventricular deflections in 
standard leads is very ividely distributed. For this reason it is difficult 
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to detemiiie the origin of any of tlie QRS deflections in terms of the 
muscle region or regions responsible for them. Attempts to do so have 
often led to misconceptions. 

One difficulty in the solution of this problem lies in the fact tliat the 
QRS group has no natural divisions. The first deflection, for example, 
varies from lead to lead in size, in direction and in duration. The 
muscle responsible for this deflection not only varies with the lead, hut 
in any given lead is not necessarily the same in animals of different 
species nor even in different individuals of the same species. 

SUMMARY 

Ligation of the septal branch of the left coronary artery in the dog 
is usually followed by infarction of a large part of the ventricular 
septum. Immediately after this ve.sscl is obstructed the electrocardio- 
gram shows displacement of the RS-T segment of the ventricular com- 
plex. Later, disturbances of intravcntriciflar or atrioventricular 
conduction develop; right bundle-branch block occurred in all three of 
our experiments. In one instance the right branch block complexes 
were not strikingly different from those usually obtained after the right 
branch of tho His bundle has been cut, iii spile of the fact that a large 
part of the septal muscle was dead. 

In right bundle-branch block the preeordial electrocardiograms may 
be characteristic in every respect when the standard electrocardiograms 
are not. Under these circumstances precordial leads are of great value 
in locating the conduction defect. When the potential variations of the 
precordium are small, the preeordial electrodes should not be paired 
with a single electrode, hut with a central terminal coiniected through 
like resistances of 5000 ohms or more to all three extremity electrodes. 

The R deflection of the levocardiogram is not abolished by infarction 
of the septum but is frequently absent in Lead I after ligation of the 
anterior descending and in Lead III after the ligation of the circum- 
flex braaieh of the left coronary. This deflection is not of septal origin. 
The muscle responsible for the preliminary deflections of the levocardio- 
gram is widely distributed, and it is probable that most of the endo- 
cardial surface of the left ventricle is active before the first summit of 
the levocardiogram is written. 

Note: We wish to thank Prof. C. V. Weller and the members of his statf for 
making and examining microscopic sections of the infarcts produced in our experi- 
ments. 
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THE INITIAL COMPLEX OP THE ELECTROCAEDIOGRAM 
AFTER INFARCTION OP THE HUMAN HEART* 


Max Winternitz, M.D. 

Prague, Czechoslovakia 

F ollowing the studies of Herrick,^ Smith,* and Pardee^ the 
changes in the final complex (T-wave) and in the S-T interval in 
cases of coronary sclerosis and thrombosis iiave been a fertile subject 
for clinical and experimental research. In contrast, the changes in 
the initial complex have, up to the present, received little attention. 
And yet from the first it must seem unlikely that tlie destruction, often 
so extensive, of part of the great connected mass of heart muscle 
should not be reflected in the process of activation of the ventricular 
muscle and in the corresiionding electrieal cuin'e. Wearn^ and after 
him a number of other "writers have called attention to the decrease 
in the size of the ventricular -waves following coronary thrombosis. 
Wilson® was the fii'st to point out the appearance of a deep Q-wave in 
Lead III following coronaiy closure, a finding which has since received 
considerable attention. Penichel and KugelF extended these observa- 
tions and held that an unusually deep Q in Leads I and II was also 
significant. Oppenheimer and Rothschild' found that infarction in 
the region supplied by the anterior descending ramus resulted in the 
changes desci’ibed by them as arborization block, and Mahaim® made 
clear the relation between myocardial infarct and bundle-branch block. 

None of the changes mentioned are pathognomonic for cardiac in- 
farction. We may find low voltage, decrease in the size of the waves 
of the electrocardiogram, in all cases which are associated with severe 
impaii’ment of cardiac function. We see this with about the same fre- 
quency in cases of acute myocardial infarct, in cases of severe infec- 
tions or intoxications, in cardiac asthma and at the time of death. 
Moreover low voltage may be quite lacking in cases of arterial lyper- 
tension, or it may appear with pericardial effusion. As a sign we can 
put low voltage in the class with diminished heart sounds. 

We may find a deep Q-wave with coronary thrombosis or with un- 
complicated sclerosis, with left axis deviation, with scoliosis and also 
as a variation of the normal electrocardiogram.®’ 

Of more serious significance is the appearance of deep Q-waves in 
several leads which we occasionally find in chronic coronary occlusion 
and old infarcts. Freundlich,^^ to be sure, heeded this sign only when 
abnormal changes in the final complex were also present. 

♦Prom the First Medical Clinic of the German University in Prague, service of 
Dr. Kudolf Schmidt. 
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Tke question often arises wliether there is not special difficulty in 
interpreting clinically the electrocardiogram, in how far the changes 
in the initial complex after coronary thrombosis can be attributed to 
this insult, when, as is usually the ease, the form of the electrocardio- 
gram before the insult is unknown. Since the coronary thrombosis is 
seldom the first or only pathological change in the heart, preexisting 
anomalies of the electrocardiogram must always be considei-ed. This 
is particularly true in eases of arborization and bundle-branch block. 

In the following discussion I shall report a series of cases which 
form a distinct group in that definite electrocardiographic changes of 
the QRS group correspond with definite m3’'omalacia of the heart 



muscle and make it possible to diagnose myocardial infarct without 
knowledge of earlier electrocardiograms, of autopsy findings, or even 
at times of the clinical picture. In addition to our own cases we shall 
cite cases from the literature in which similar changes were present 
but not stressed by the authors. First I shall give abstracts of the 
clinical histories of our patients, mentioning only the essential points 
and showing onlj’ as inaiw of the electrocardiograms as seem necessarv. 


CASE REPORTS 

Case 1.— Forty-six-year-old letter carrier. Angina on effort since 1926. February 
24, 1931, a typical attack with pain referred to the abdomen. Blood rressnre'on 
Feb. 26, 116/60- mm., on March 24, 95/65 mm. Becovery after eight weeks In 
July, 1932, while taking CO, baths he had acute decompensation, and was admitted 


618 


THE AJIERICAN HEART JOURNAL 


to the clinic. Progressive cardiac failure and pnlnionaiy infarction led to death 
on Aug. 22 , 1932. Autopsy:* slight general arteriosclerosis Avith marked coronary 
sclerosis and extensive calcification, complete closure of the anterior descending 
ramus Avith area of myomalacia 12 cm. in diameter, aneurysm of the ventricular 
AA'all large enough to hold a man’s fist associated AA’ith adherent pericardium, 
hypertrophy of the left ventricle and great hypertrophy and dilatation of the right 
ventricle, thrombosis of femoral A'cin, hemorrhagic pulmonary infarct, chronic 
passive congestion. Histological examination of the kidneys shoAved only congestion. 

Electrocardiograms. The first electrocardiogram, three days after the insult 
(Fig. la), shoAVS in Lead I the conAmx T-AA’aA-e AA-itli high take-off from the de- 
scending limb of E, Avhile in Leads 11 and III also T starts aboA-e the isoelectric 
level but lacks the characteristic coronary form, ha\dng a form Avliich is not uncom- 



Fig. 2. — Case 2. (a) TAA-enty-four hours after the attack. (6) seventeen days after 

the attack, (c) after clinical death. 


mon in these leads in eases of left a.xis deA'iation. Fig. 1 h and o also illustrates left 
axis deA’iation. One also notes the AA’idening of QES, just missing 0.1 sec. in Lead I 
and 0.11 see. in Lead II. Lead I is not typical of left axis deA'iation in that there 
is only a rudimentarj’ E. folloAA’ing the broad Q-AvaA’e. The ratio of E„ S™ and S 3 is 
3.5:15:14. After fifteen months Ave find Q, clearly formed and E-, higher, just 
missing 9 mm. Left axis deviation, probably present before the insult, has re- 
appeared. 

Summary: Thrombosis of the anterior descending ramns Avith a 
large infarct and aneurysm in the area supi^lied by this vessel. In 
the acute and subacute stages the electrocardiogram shoAved, together 

*A11 the autopsies reported Avere performed in the German Pathological Institute, 
Dr. A. Glon being chief. 





WINTERNITZ : ELECTROCAEDIOGRAIM AFTER INFARCTION 


619 


witli tlie typical T'Wave clianges, a left axis deviation Init ivitli very 
small E-waves. After fifteen inontlis tlie E-waves liad become npriglit. 

Case 2. — Turner^ aged fifty-three years. Dyspnea on effort since 1920. January 
27, 1931, irain tj'pical of coronary closure, blood pressure at the onset 130/85 nrm. 
On Deb. 17, after several days of tolerable condition, an attack of supraventricular 
paroxysmal tachycardia Avith rate of 220 and alarming collapse. As quinine, 0.2 gm. 
intravenouslj' had no effect, 0.3 gm. rvas given three hours later. Death followed 
Avithin a feAv minutes. Autopsy; ad\'aneed sclerosis of the left coronary artery, es- 
pecially the anterior descending ramus Avith old thrombosis in its upper third and a 
resulting aneurysm iuA’olA'ing the Avail of the left A’entricle, the septum and the apex ; 
mural thrombus; thickness of Avail of left ventricle in region of venous ostia 15 mm., 
in region of aneurysm 4 mm.; manj’- smaller scars scattered through the muscle; 
slight sclerosis of the aorta; congestion and edema of the hmgs; kidneys normal 
except for congestion. 



MeGtrocarcUograms. Fig. 2fl, taken tliirty-six hours after the insult, shoAvs in 
Lead I a Ioav E Avith typical high take-off and convexity of the R-T segment. Leads 
II and III shoAv the prominent S of left axis deviation. In the next feAV days 
(Fig. 26) the picture of Ioav voltage appeared in all leads. T sIioavs the characteristic 
changes. Fig. 2c shoAvs the electrical activity of the dying ventricle. 


Swmnm-Xj. Myomalacia Avitli aneiuysm of tlie Avail in tlie area of 
distribution of the anterior descending ramus folloAving acute coronaiy 
thrombosis. In the acute stages the electrocardiogram shoAved left 
axis deviation with noteivortliy small R, and deep S, and S3. 


Case 3.— Fifty-four-year-old woman with nephrosclerosis. Under the supervision 
of the clinic for years because of hypertension. Since the end of April, 1929, dyspnea 
and anginal pain on effort. In May, 192.9, .an attack of pain lastmg fourteen hours, 
appearing without exciting cause, associated Avith extreme anxiety and dyspnea 
After this, enforced bed rest for eight days. On June 11, 1929, blood pressure 
mm, specHc gnv.tj of ori™ 1.006 to 1.0.18, arngiospaollo nmmorotmitis, cMOkc 



620 


THE AIMERICAN HEART JOURNAL 


decompensation. Since then constantly under observation in the clinic or as an 
ambulatory patient because of cardiac insufficiency. She Avas hypersensitive to 
strophanthin. Death on August 17, 1930, after several days of anuria from cardiac 
and renal insufficiency. Autopsy; generalized arteriosclerosis with marked sclerosis 
of the coronary arteries, particularly the anterior descending ramus, chronic an- 
eurysm the size of a goose egg of the ventricular wall in the region supplied by this 
vessel j definite fibrous scarring of the heart and adherent pericardium; nepliritis 
udth marked shrinking of the glomeruli, and sclerosis of the afferent vessels. 

JElectroeardiograms. Pig. 3a. shows the electrocardiogram four years before the 
insult, typical left axis deviation. A year later the picture was the same. Extra- 
systoles, always of the form shown, were observed for years. Pig. 3h shows the picture 
six weeks after the attack and was the form which persisted until death fifteen 
months after the attack. The E-wave of Lead I has become widened, splintered 
and of low voltage, while the Q-wave is even more prominent. A noteworthj' change 
in the form of the ventricular extrasystoles has occurred. In a large collection of 
material we have seen onl 3 ' one other case — also a case of coronary thrombosis — in 
which there were such changes in the form of the premature beats. 



Summary. Clear-cut old myomalacia in tlie region supplied by tlie 
anterior descending ramus in a patient with hypertrophy of the left 
side of her heart and nephrosclerosis. The characteristic dwarfing of 
Bi appeared six weeks after the attack and persisted until death, 
fifteen months after the attack. Unquestionable changes in the form 
of the extrasystoles, which presumably arose from the same focus, 
appeared after the attack. 

Case 4. — Piftj’-four-j’car-old housewife, in good health until August 4, 1932. 
On the afternoon of this day a sudden attack of vertigo forced the patient to lie 
dorni. A few hours later she had an extremely violent attack of pain associated 
with collapse and followed bj’ dj-spnea and fever. Admitted to the clinic August 6. 
Temperature 38.4°, blood pressure 120/SO mm., right hydrothorax, signs of pul- 
monary edema, heart somewhat dilated with feeble impulse a fingerbreadth outside 
midclawcular line, heart sounds feeble, sj’stolic murmur at apex, pulse scarcely 
palpable, rapid and irregular. Eecovery was interrupted by an attack of auricular 
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fibrUlatioii on August 9 and 10. On August 12 auricular flutter -which, because of 
the rapid ventricular rate (190 -with two-to-one block), seemed to threaten life but 
which was overcome with quinidine, 0.8 gm. Further course uneventful. Blood 
pressure on August 29 was 95/70 mm. but later rose to 110/75. X-ray examination 
showed a dilated heart without characteristic form. 

Meotrocardiogrmns. Fig. 4® shows auricular fibrillation. In Lead I the form of 
T is so affected by the fibrillary waves that from it alone one could hardly make a 
diagnosis of coronary thrombosis. The initial complex shows a left axis deviation 
with B., smaller than S„ or S^. The decrease in size is even more apparent in 
Fig. 25, taken six weeks after the insult. Six months after the attack (Fig. 4c) 
tlie E-waves liad increased in size, and sinus rhythm had been reestablished. 

Summary. A case of coronaiy thrombosis, ivithoiit question from 
the clinical course, showed in its acute stages T-wave changes which 



were onl}^ suggestive, while the changes in the initial complex, low 
together with deep Sg and Sg, were definite. Return of normal Rj^ 
six months after the attack. 

Case 5.— Forty -nine-year- old office worker. In January, 1929, began to suffer 
from nocturnal anginal distress. Symptoms soon appeared on walking but were 
never paroxysmal in character. In August, 1929, he entered the hospital because of 
an exacerbation of the symptoms. Except for distant heart sounds there were no 
abnormal cardiac findings. Blood pressure 130/75 mm. Unexplained elevation of 
temperature. Good effects from luminal and hormocardiol. After discharge he re- 
turned at once to his work (which involved much stair climbing) and almost im- 
mediately was attacked by sternocardia and epigastric pain. On the night of 
November 6, 1932, he was wakened by a terrific attack of pain associated with 
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angor aiiimi and sense of suffocation. The next day lie was moved, in a state of 
collapse, still with severe pain, and Avitli a teini)eratnrc of 3S.G.° After a short 
period of improvement the picture was complicated extrasystolic ventricular 
tachycardia with a rate of about 150. He died November 17. Autopsy: high grade 
sclerosis of coronary vessels, almost eonij)lete old closure of eircumfle.x branch of left 
coronary, old malacia of the posterior Avail of the left ventricle, closure of anterior 
descending branch in its upper third AA'ith recent necrosis of the anterior Avail of the 
left ventricle from basal portion to the apex, scarring of the septum, eccentric 
hj'portropliy of the right -side, chronic passive congestion. 

Electrocardiograms. Fig. 5a, is one of man}' electrocardiograms taken between 
August 22, 1929, and August 16, 1932. All shoAved a picture, not at all striking, of 
left axis deviation Avith relativelj' Ioav Avaves, flat T and slight slurring of S in 
Leads IT and III. Fig. 5b, taken three days after the second attack, sIioaa's a small 
Qi folloAA'ed by a reduced E, but onlj' slight decrease in the size of S„ and S^. T, 
shoAA'S an upAvard convexity. In the folloAA-ing days, AA-itli the decreasing size of all 
Avaves, E, disappeared almost completelja 

Summary. Tavo attacks of eoronaiy thrombosis, the first involving 
the circumflex and leaving no clear-cut electrocardiographic evidence. 



Fig:. 6. — («) Case G, time in 1/20 sec. 

(b) Case 7, four days after the attack. 


Three j^ears later occlusion of the anterior descending ramus led to 
malacia and in the electrocardiogram almost complete disappearance 
of Avliile So and Sg remained relatii^elj^ Avell formed. 

Case 6. — There is little information concerning this ease, that of a sixty-seven- 
j-ear-old man Avho visited the clinic only once as an ambulator}’ jmtient. For several 
months he had suffered from arthritis of the left shoulder and complaints interpreted 
as anginal. Electrocardiogram Avas taken because the fluoroscopic picture showed a 
striking deformity of the left side of the heart interpreted as an aneurysm of the 
ventricle. Blood pressure 160 mm. Hg. 

Electrocardiogram-. Fig. 6a, shows a record made AA'ith Sieman’s oscillograph- 
In all leads QES is AA’idened to approximately 0.12 sec., but lacks the great size and 
bizarre form characteristic of complete bundle-branch block. The small E, contrasts 
sharply AA'ith the deep S, and Sj. 

Summary. Clinical and roentgenological findings to support the 
diagnosis of aneurysm of the Avail of the' left Amntricle, broad left 
form of eleetrocardiogi’am Avith striking decrease in Ej compared Avith 
deep So and Sg. 
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Case 7.— Fig. 6?; was clerived from a seveiity-lliree-ycar-olci patient and was taken 
outside. According to the report of the attending phj'sician the patient liad had a 
typical attack of coronary thrombosis four days earlier. Blood pressure was nor- 
mal before the attack. 

Mectrocardiogram. Another record showing left axis deviation but in this case 
definite E-waves are present in Leads II and III. Contrast the tiny E-^ with the 
well-marked S,, and S,,. inverted. P-E interval 0.20-0.21 sec. 



Fig. 7. — Taken from Levine, Figs. 1 and 6. 

(tt-c) Attack July 6, 1922, good recovery. 

{d, e) Attack April 8, 1923, death three years later, no autopsy. 


Sumnianj. Four days after acute coronary closure the electrocardio- 
gram suggests myocardial infarct because of the contrast between a 
diminutive and a clear-ent S, and S3. 

We shall consider with these cases several definite cases of coronary 
thrombosis taken from the literature and belonging- in the same group. 


Tin; AMKHICAX IIKAUT .lOinJXAI, 

];oviiic’" in Ills niono;i:ra])li cik’s 82 inaonlesfiible cases of coronary 
lliroinbosis in which elect rocardiograins were taken, in some cases 
l)oth before and after the attack. Of tliese cases 12 b(*lon<r in onr 
y:ronp, tliosc sliown in Levine’s Fi*rs. 1 , -J, (i, 8. .17, 20, -11, 12, 01, 70, 70 
and 77. Fiffs, 7 to 10 are rejn-odnetions from Ijcvine’s eln.ssic ma- 
terial. In three eases one ean folbnv the development of the changes 
from simjile left axis d<*vialion. I'^ive eases were ef>ntrnllcd by antopsv 






Kroin novinc, 3>’iprs. .'50, 11, 61. 

(o, Attack July •!, 1322, <Icntli August S, 1022, infarct of the loft vcti- 
triclo with riipturo. 

(c, e/) Infarct Ausiist 26, 302.'>; death Aupii.‘:t SI, 1027. Are.‘:nortiti.<. 
.-itono.si.s of o.sii.a of coronary vc.csel.s, acute infarct of the left ven- 
tricle. Accordiiifr to Ijcvinc, ''mcctrocardio^Train without dellnite 
clianpe.*''.” Xote ,S-T in Ivcad II! 

(c, /) Attack Alarch 20. 1927, good recovery in spite of paro.xysmal ven- 
tricular tachycardia. 
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and infarction of the left ventricle was found in all. In three cases 
the anterior descending ramus of the left coronary artery Avas the site 
of the thromhosiSj and in tAim cases the location of the closure ivas 
not mentioned. In tAvo cases there Avas definite aneurysm of the 
A^entricle in the area supplied by the occluded A^essel. Fig. 10c is 
taken from Dressier ’s^® atlas and sIioaa^s the same type of case. The 
author noted that the tracing Avas from a case of luetic aortic aneurysm 
and that it resembled the tracings seen in cases of coronary closure. 
As a matter of fact the appearance of strongly suggests the presence 



Fig. 9.— (a-c) From Levine, Figs. 4, 17. 43. (o) Attack May 2, 1927. AVasser- 

mann reaction + + +, good recovery. (b) Attack July 20. 1924 - 

autopsy,, thrombosis of anterior descending ramus. (c) Attack 
recovery, later death -without autopsy. 

(d) From Preundhch, Fig. 11. Three months after attack. 


of luetic coronary occlusion with resulting myomalacia. In Fig. 73 
of his book Mahaim® shows the tracing of a case Avhich Avas confirmed 
by autopsy and which is here reproduced in Fig. IM. Autopsy showed 
embolic (?) closure of the anterior descending ramus Avith typical 
localized infarct and aneurysm of the heart Avail. We shall return 
to the histological picture later. Fig. lOe, taken from Condorelli's 
book,“ IS derived from a case of coronary thrombosis Avhich shoAved 
at autopsy closure of the left eoronaiy Avith infarct in its area of dis- 
tribution. In one of Smith ^s^s eases (his Fig. 3) the record taken a 
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few da.ys after the attack shows a picture similar to that which we 
have illustrated in Figs. 1 to 5. Autopsy shoAved closure of the anterior 
descending ramus and of two smaller branches of Ihe circumflex ramus 
with definite myomalacia at the apex of the left ventricle. In Oet- 
tingcr's*® work we find that the ease illuslrated in Pigs. 3 to 6 belongs 



Pig-. 10. — (o) Levine, Fig. S. Attack June 10, 1921; cleatli June 22; blood pressure 
liad been 200. 

(b) Levine, Fig. 77. Attack October 18, 1923, death December 3, 1923, 
almost complete closure of anterior descending ramus. 

(c) From Dresfflei', T'ig. 22 (see text). 

(d) Prom Maliaim, Fig. 72 (see text). 

(e) From Condorelli, Fig. G7. Seven months after tlie attack, seven days 
before ■ deatli, tlirombosis of tlie left coronary artery, large infarct 
of tlie apex and anterior ivall of the left ventricle. 

(/) Oettinger, Fig. G. Tlirombo.sis of the anterior descending ramus. 


ill our group (see Pig. 10/). This also showed occlusion of the anterior 
descending ramus post mortem. Also in the recent work of Preund- 
licli^^ we can recognize in Pigs. 11 and 12 (see Pig. 9cl) similar changes 
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in the QRS group. This tracing came from a case of severe angina 
pectoris three months after coronary closure. "We are convinced that 
further examination of the literature would reveal still more cases of 
this sort. 

The second group, to which we shall now pass, is closely related to 
the first. The first two eases mark a direct transition. 

Case 8. — A forty-tliree-year-old official arrived on November 13, 1927, after a 
tiring motor trip to visit his wife in a sanatorium. On the way he had had a 
violent attack of stenocardia ■which had forced him to interrupt his trip and to 
rest for several hours in a hotel room. The physician who was called stated that 
the temperature was 36.5°, pulse 120 and small, cardiac dullness normal. The pain 
disappeared after medication. On November 15 x-ra}' examination showed the heart 
at the anterior axillarj' line, temperature 38.6°. Patient was admitted to the clinic 
on November 28. His father had died of a heart attack and one brother of heart 
disease. Ho smoked 20 cigarettes a day, used alcohol to exees.s, denied syphilis. 
Wassermann reaction was negative in the blood and spinal fluid. Heart dullness 
normal, scratchy systolic murmur at Erb ’s point. On x-ray examination the shape of 
the heart was not characteristic, greatest transverse diameter 13.5 cm. Blood 
pressure 105 mm. No pain. 

Eleoirocardiogram. Pig. oo shows in Lead I a deep Q-wave followed by an B of 
the same height; T-wave shows bowing above the isoelectric line and is inverted. 
Leads II and III show small R- but deep S-waves; T„ and T, not striking. QBS is 
of normal duration. 

Swnniary. Clinicallj^ this was certainly a case of coronaiy throm- 
bosis. Fotu* weeks after the attack the electrocardiogram showed 
suspicious changes in the final complex in Lead I, and an initial 
complex with the main deflection downward in all leads. 

Case 9. — A fifty-four-year-old mason was taken sick in May, 1931, with anginal dis- 
tress. The individual attacks were of short diiration, not very violent, repeated 
more than ten times in one day. After several days ’ rest in bed he returned to work 
but experienced anginal pain on effort. On August 22, 1931, he noted edema for the 
first time. In September he had cardiac asthma that did not recur after digitalis. 
Prom then on he had permanent decompensation and attacks of angina. Blood cir- 
culation time (decholin method) 38 see. (normal up to 16 sec.). X-ray examination 
showed the heart to be dilated to both sides but without characteristic form. Paint 
heart sounds. Blood pressure 85 mm. Under constant observation, last seen in 
January, 1933. 

Electrocardiogram: Pig. Sd. The picture is very similar to that of the preceding 
case. Again there is a deep Q in Lead I and the chief deflection is downward in 
Leads II and III. The R-T segment is so uncharacteristic that from it alone the 
diagnosis of coronary thrombosis could not be made. Three months later, about 
eight months after the onset, the electrocardiogram was practically unchanged. 

Snmmary. Gradual development of myomalacia of tlie left ventricle. 
Following the attack and eight months later the initial complex of the 
electrocardiogram was directed downward in all leads. The final com- 
plex hardly suggested infarction. 
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Case 10. — Kfty- four-year-old working woman. Brief attacks of pain in tlie region 
of the heart commenced in Pebruarj^, 1932, became more frequent; and on Jlareh 30 
there was a very severe attack of pain and opqjressioii. On April 10 a most intense 
attack associated witli vomiting, fear of death, and cold sweat. Bindings on April 13, 
patient in grave state of collairse without edema; left arm and side of chest felt 
warmer than the right, tenderness over areas supplied by the left trigeminal nerve 
and brachial plexus. Severe precordial pain which decreased after camphor given 
intraveuousljv On April 20 the patient, who had been progressing well, had an 
attack of auricular fibrillation which stopped spontaneously. After this, hemiplegia. 
Death on May 1. Autopsy, marked general arteriosclerosis, particularly of the 
cerebral, sacral and mesenteric vessels, thrombosis of the anterior descending ramus 
with resulting area of infarction measuring 8x5 cm., involving the septum and 
anterior wall of the left ventricle, mural thrombus attached to the ventricular an- 
eurysm, localized adherent pericardium, embolism of right middle cerebral and renal 
arteries, infarct of sjfieen. 
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Fig-. 11. — Case 10. 


Meotrocardiograms. In Fig. 11a narrow excursion of all waves, small Q in Leads 
I and II. T, shows high take-olf, is prolonged and convex in form. In Fig. llh 
waves still smaller, small S in Leads II and III. In Fig. 11c auricular fibrillation 
with coarse fibrillary waves. In Fig. lid sinus rhythm restored; E-, and E., absent; 
mitial complex downward in all leads. T-wave permits recognition of the insult 
only on closest inspection. 

Summary. Thrombosis of the anterior descending ramus with the 
formation of a large aneurysm of the ventricle. The initial complex, 
at first not characteristic, assumed a characteristic form after seven- 
teen days so that finally it was directed downward in all leads. 

Case 11. — A sixty-year-old business man. Dyspnea on effort since 1923, in 1929 
diabetes mellitus established; since the end of 1929 edema at the end of the 
day. In vrinter of 1930 massive edema; confined to bed since then. Admitted to the 
clinic March 30, 1932, with extreme decompensation, pulsus alternans, edema, con- 
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gestive effusions. On examination feeble impulse in anterior axillary line, heart 
sounds almost inaudible, blood pressure 150/115 mm. Cor iovinum on x-ray examina- 
tion. A fair diuresis with novurit and ammonium chloride. Allowed to go home 
and died soon thereafter. 

Electrocardiogram, Fig. 12a. The initial complex shows slight notching in the 
first two leads, no E in Leads II and III, S relatively well defined in all leads. 
T-waves are almost isoelectric, suggesting poor compensation. Duration of QES is 
0.09 see. P-E interval is 0.1 to 0.12, and there is no isoelectric line between P and E. 

Summary. A badly damaged heart, apparently as the resnlt of 
h3iiertension. The electrocardiogram failed to show the expected 
left axis deviation, and the initial comiilex was directed doivnward 
in all leads. 

Case 12. — A seventy-fonr-year-old guide on March 19, 19S2, while walking was 
seized with an attack of severe breathlessness and cough which disappeared after he 



E'ig. 12. — (a) Case 11. 

(&) Case 12. Attack March 19, 1932; death January 10, 1933; large 
aneuiysm of the anterior wall of the left ventricle. 

(c) Case 13, Attack October 19, 1932. 

(d) Case 14. Attack October 13, 1932. 

had stood still for a few minutes. That night he had a severe attack of dyspnea 
with violent anginal pain "as if his heart was being crushed with red hot irliers. ’ ’ 
The attack lasted three hours. After this he had orthopnea at night and in the 
middle of May edema. On June 6, 1932, he rvas admitted to the clinic in a state 
of severe decompensation. He was found to have a heart dilated to left and to right, 
without characteristic form, distant dull sounds -without accentuation, blood pressure 
of 180/105 mm. emphysema, Wassermann reaction negative. Death occurred on 
January 10, 1933, apparently from cardiac insuflficiency. Autopsy: high grade 
coronary sclerosis with marked stenosis of the anterior descending and circumflex 
branches of the left coronary artery, old aneurysm measuring 10x5 cm. involving 
the septum and apex of the left ventricle, marked sclerosis of the aorte, chronic 
passi-ve congestion. 

Electrocardiogram. Pig. 125 shows one of several electrocardiograms taken at 
vOTious times. E-wave completely absent in Leads I and II, rudimentary in Lead 
• S-wa-ve present in all leads, notched in the second. In Lead I, S is followed by a 
small positive deflection that might be called E, in which ease S might be described 
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as a deep Q. In anj' case the i^rincipal deflection is downward in all leads. T, and 
T„ are upright. is shallow and inverted but not characteristic. QES is of normal 
duration. 

Summarij. Badly decomiDensated heart with area of myomalacia 
three to eight mouths after acute eoronaiy closiu’e, narrowing of 
anterior descending and circumflex branches with aneuiysm. Tlie 
initial complex of the electrocardiogram directed downward in all 
leads, but apart from this no electrocardiographic evidence pointing 
to infarction. 

Case 13. — Porty-eight-j’oar-old factory manager, formerly well, heavy cigarette 
smoker. On the evening of October 19, 1932, after straining at stool, had terrific 
attack of precordial pain which lasted one hour and was associated with sweating 
and fear of death. One week later nocturnal return of pain leaving him very weak 
for two or three days. Since then , angina on effort and exhaustion ■ on the least 
exertion, but comfort when at complete rest. On March 27, 1933, no abnormal find- 
ings on plysical examination, blood pressure 125/70 mm. 

Electrocardiogram. Pig. 12c. At this time the patient was taking small doses 
of digitalis. The E-wave is apparent only as a small notched elevation in Lead I, 
absent in the other leads. S is low but definite in all leads, moderately splintered 
in Lead II, and grossly splintered in Lead III to form a IF. QES is of normal 
duration. The slight depression of S-T and T in Lend I is not remarkable and may 
be the result of digitalis. 

Summary. From the clinical course a coronary thrombosis with sec- 
onclaiy mj’-omalacia is most probable. Electrocardiograms five months 
after the attack and later showed no characteristic changes in the final 
complexes. The initial complex shoAvs, together Avith Ioav A'oltage and 
notching Avithout Avidening, a definite ijreponderance of the negative 
as compared AAdth the positiA^e AvaA'^es. ^ 

Case 14. — Sixty-three-year-old pensioner. Por four years angina on effort and 
dyspnea while working. On the evening of October 13, 1932, after leaving the inn 
where he had consumed two liters of beer, he had violent craniiflike i^ain in the 
ei)igastriuni extending upward under the manubrium and lasting twelve hours. 
The next da}' he walked to the office of his physician, who found that the blood 
pressure which formerly measured IGO mm. had dropped to 95 mm. On the way home 
another attack of pain prevented him from continuing on foot. He got up after 
a week in bed, but felt very weak and was short of breath on slight exertion. On 
December 1, while returning from a visit to his physician, he had a severe attack 
of cardiac asthma in which he was brought to the clinic. Pamily history not re- 
markable. He did not smoke more than 12 cigarettes, denied syphilis. Examination 
showed a heart enlarged to the left, feeble sounds and definite gallop at the apex, 
blood pressure 115 mm., temperature normal, leucocytes 14,000, aortic configuration 
of heart on x-ray examination and on the left border a bulging which showed slight 
pulsation (aneurysm). 

Electrocardiograms of November 17, December 1, 2, and 4, were practically 
identical and showed (Pig. 12d) sinus rhythm, normal P and P-Q, QES duration 
of 0.13 sec. The principal deflection is downward in all leads, initial complex very 
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low and somewliat notched in Lead I; in Leads II and III a moderately deep S- 
wavo with definite notching of the up-stroke. The S-T segment is souiowhat above the 
isoelectric level in Leads I and II, but this is significant oirly in Lead I, since T is 
inverted in this lead. In Lead III there is some change in the S-T segment as S 
fails to reach the isoelectric line, a change often associated with bundle-branch 

block. 



Fig. 13. — From Levine, Figs. 32, SG, 44h, 44e^ 40h. 

(o) Attack December, 1?27 ; autopsy, thrombosis of anterior descending 
ramus. (&) Attack June 21, 1924, recovery, (c) (d) Attack Feb- 
ruary 4, 1926, recovery, persistence of Type bi-<i for a long time. 
(V) (f) Attack June 17, 1924 ; autopsy, thrombosis of anterior de- 
scending ramus, aneurysni of heart w'all. Gradual appearance of 
Type bj-3. 


Summary. Clinically and roentgenologically there is little doubt 
that this was a case of coronary thrombosis ivitli a large aneiuysm of 
the left ventricle. Electrocardiograms, ftve to seven weeks after the 
attack, showed a severe disturbance of intraventricular conduction 
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and a preponderance of all the negative waves of the QRS group, but 
in the final complex only a suggestion of the changes associated ivith 
eoronaiy thrombosis. 

We can also add to this group several examples from the literature. 
Fig. 13 is a reproduction from Levine’s monograph. In all four eases 
there was unquestionable eoronarj’- thrombosis which in the cases repre- 
sented by Fig. 13 a and c was found at autopsy to involve the anterior 
descending ramus. Of particular interest is Case 13 c, d which, eleven 
days after the insult (c) still showed tjqiical left axis deviation, while 
the characteristic changes did not appear until one month after the 
insult nor did they show complete development for two months more. 



Fig. 14. — (a, b) Case 14. Before and after the second attack on December 24. 

(a) With Boulitte’s string galvanometer, (b) with tlie Sieman’s oscillo- 
graphic machine. 

(c, d) From Cooksey and Freund, Fig. 4a- and f. Three weeks after tlie 
first attack and forty-eight hours after the second (see text). 

Smith^® in his paper shows a striking case in which one month after 
coronary closure the initial complex was directed downward in all 
three leads. (See Fig. 41) of Smith’s article.) 

In its final picture the last group is less sharply defined than either 
of the foregoing. It is noteworthy, however, for the fact that changes 
in the preexisting electrocardiogram appear suddenly, almost without 
transitional steps, following the coronary closure. 

Case 15. — A sixty-five-year-old retired official who had suffered from steno- 
cardial oppression for a long time was admitted to the clinie on December 25, 1932, 
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in a state of collapse "witli severe dyspnea. For a time he complained of painful 
sense of pressure in his chest "which interfered •with breathing. He had no edema, 
some cyanosis, respirations thirty -with a suggestion of periodic character. Other 
physical findings negative except for faint heart sounds, blood pressure 125/80 mm. 
Wassermann reaction negative. After strophantliin and hexeton intravenously he 
had relief from pain and dyspnea. Still his condition remained grave, and on 
December 31, twenty minutes after the injection of strophantliin, 50 mg., he became 
intensely cyanotic, stopped breathing and died. Autopsy: marked sclerosis of the 
arteries at the base of the brain and of the coronary and abdominal vessels; 
thrombosis in its middle third of the circumflex branch of the left coronary; almost 
complete closure in the upper and complete closure in the middle third of the 
anterior descending branch; scar, measuring 4x5 cm., on the posterior wall of the 
left ventricle and recent softening of the lower third of the anterior wall, the 
apex, and the lo-wer part of the septum extending to the lower part of the right 
ventricle; mural thrombus attached to the infarcted area; thrombi in the peri- 
prostatic plexus, thrombosis of the spleen, recent portal thrombosis; embolism to 
pulmonary artery supplying right upper lobe; chronic passive congestion; hyper- 
trophy of right ventricle. 

Electrocardiograms. Fig. 14a. is a record taken two months before death, ap- 
parently after the first attack involving the circumflex ramus and before the second 
attack involving the anterior descending ramus. These records were taken with 
Boulitte’s string galvanometer, and we are indebted to Dr. E. Weitels for his 
courtesy in allowing us to reproduce them. The tracing shows typical left axis 
deviation with large excursions. In Lead I there is a suggestion of a Q-wave, while 
Q is definite in Lead II. Since S, is preceded by no E, it would be interpreted 
as a deep Q-wave according to Pardee. The terminal portion of E, and B, shows 
splintering. QES •width is normal. E-T interval is below isoelectric level in Lead 
I, above it in Lead III. Still from ovtr own experience we would prefer not to 
consider this record indicative of recent coronary thrombosis but to compare it with 
Pig. 1 as an expression of left axis deviation. Bather it seems to us that the ap- 
pearance of Qj indicates old infarction on the posterior u'all of the heart. Pig. 14?; 
is a record taken with the oscillometer three days before death. It shows fundamental 
changes in all leads. The high waves have been replaced by deflections of very low 
voltage. Q, and Q„ persist. The rudimentary E, still shows the terminal splintering ; 
E„ has likewise almost disappeared, but its terminal part retains the same form. In 
Lead HI the deep S or Q is replaced by a little TF. E-T in Lead I now shows 
definite elevation above the isoelectric level, while S-T is depressed in the third 
lead. 

Summary. Old thrombosis of the eirctimflex and recent thrombosis 
of the anterior descending ramns with localized areas of malacia. While 
the electrocardiogram before the second attack showed left axis devia- 
tion with high voltage, after the closure of the anterior descending 
ramus a marked reduction of all ivaves gave the picture of low voltage. 
Certain portions of the curve remained unaltered. 

We find a similar case in Levine's paper. In Fig. 29, taken three 
days after closure, there is marked left axis de-^dation. From the 
fourth to the eighth day this yields to low voltage through a lowering 
of Ri, Rj; and S 3 . The form of the waves is retained. On the tenth 
day the original form reappears. This differs from our ease in that 
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there is certainly a disturbance of intraventricular conduction (ac- 
cording to LeAune in the right branch?). Then on the scA^enth day 
the small and normal complexes alternated, according to either a 
lengthening of the recoA^ery time (normal AvaAms) or a shortening of 
conduction (small AAmAms). In the same group belongs a case described 
b}’- Cooksey and Freund^' Avhich at autopsy shoAved an old, partially 
canalized thrombus of the right eoronaiy artery and a recent closure 
of the anterior descending ramus Avith a large infarct of the anterior 
Avail of the left Amntricle (Fig. 14 c and d). 

COjMMENT 

If Ave assemble the essential facts of the three groups, Ave find the 
folloAAdng results. In the first group are reported 7 of our OAvn cases 
and 19 cases from the literature. In all Avhich came to autopsy the 
diagnosis of coronary closure Avas Amrified, iiiAmriablj^ affecting the 
left Amntricle and, Avhere noted, the anterior descending ramus. The 
diagnosis in those cases Avhich did not come to autops.y AAms established 
on clinical and electrocardiographic eAudence. The characteristic com- 
mon to all is the change in the initial complex of the electrocardio- 
gram. In Lead I there is a small R-Avave, A\diile S is absent or rudi- 
mentaiy, and Q may be present or absent. Leads II and III are dom- 
inated bj^ a deei") S-Avave AAdiieh is greater than any of the other AAmves 
of any lead. The preexisting electrocardiogram usually shoAved left 
axis deAuation. The changes may ai^pear immediately or some time 
after the attack, niaj’ persist or disappear, usually last longer than 
do the changes of the final comi?lex. We shall indicate the changes 
of this group by the abbreviation “aBB,” by AAdiich Ave mean that a 
is an upAAmrd and B a doAvnAAmrd deflection of the initial complex and 
that a is a small and A, a large deflection. 

The second group, Avhich for couA’^enience AA'e shall indicate as 6 i_ 3 , 
includes scA^en of our oAvn and flAm eases from the literature. Tavo. of 
the former and four of the latter cases Avere Aerified post mortem, and 
in the others seAmre myomalacia Avas recognized clinicalljL In the 
autopsied cases the anterior descending ramus and the region supplied 
bj"' it Avere iiiAmriably affected. In this group the electrocardiogram 
is characterized by the iiegatiAuty of the principal deflections in all 
leads. Usually, too, the AvaAms are smaller than normal. The main 
deflection may be a Q or an S. In the obserAmd cases the electrocardio- 
graphic changes appeared only after an intex’Aml and persisted. In 
LeAune’s Case 44 the R-i became greater than nine months after 
the attack. 

The third group is made up of one ease AAdiich Ave Amrified at autopsj'’ 
and tAvo cases from the literature. The tAvo cases AAdiich Avere ex- 
amined post mortem shoAved old thrombosis, — once of the right, once 
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of the circumflex branch of the left coronary arteiy— and a recent 
closure of the anterior descending ramus with resulting infarction. 
The electrocardiographic changes first appeared after the second 
closure. Before this attack the electrocardiogram shoAved left axis 
deAuation with high AA'aA’es; immediately after this attack there AA'as a 
prompt decrease in the size of the principal AAm.ves in all leads, AAdiile 
smaller deflections retained their characteristic form. The result 
of these changes is an electrocardiogram AAOth Ioaa^, slurred and notched 
AA^A^es similar to that described by Oppenheimer and Eothschild' as 
indicating arborization block. A real AAddening of the QRS group aa'US 
found only in LeAune’s ease (see Fig. 29 of his monograph) AAdiere 
there AAms eAudence of definite interference AAuth intraventricular con- 
duction. In this case the electrocardiographic changes persisted for 
a feAV days only; in the other cases they lasted to death, AAdiich occurred 
rather promptljE The characteristic of this group is not so much the 
electrocardiographic picture after the insult as the promptness AAnth 
AAhich successive changes appeal'. These eases Avill escape observa- 
tion if the3’’ are not folloAved closelj’’ as the changes deA^elop. 

DISCUSSION 

Praeticallj'' the most important question is Avhether the changes are 
pathognomonic so that on their appearance alone one is Avarranted in 
making a diagnosis of coronaiy closure and infarction of the heart. The 
close association betAveen the changes in the ventricular complexes, the 
time of infarction and the autopsA^ findings makes it appear certain 
that the changes in the initial eomiilex are the result of, and not 
merelj^ coincidental Avith, the mj^'ocardial changes. Still it is not cer- 
tain that similar electrocardiograjihic changes might not occur in other 
conditions. This possibilitj^ cannot be excluded for the end-picture 
of the third group, for this picture is not sufficientlj'' clear cut. For 
the pictures of groups one and tAvo aa’^c can sajq on the basis of clinical 
experience Avhich is founded on the examination of OAmr 10,000 electro- 
cardiograms at the First Medical German Clinic, that tlie^^ are cer- 
tainly uncommon; indeed those of group tAVO (bi_ 3 ) are distinctly rare. 
Particular^ in oscillograph electrocardiograms, the appearance of 
pronounced S-Avaves is definitelj’- abnormal. In eases of ordinar.y left 
or right axis deviation the appearance of S-Avaves in all leads does not 
occur. To secure objective evidence on this matter avc looked through 
1,460 electrocardiograms from different indiAuduals chosen at random 
from our files and for the most part derived from patients Avith ab- 
nomal hearts. We examined these tracings to select those Avhich 
shoAved the folloAving features; (1) electrocardiograms in AAhich 
and S 3 Avere greater than the R-Avave of any lead in AAhich R^ Avas 
greater than S^, and (2) eleetroeardiograms in AAhich the principal 
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deflection was downward in all leads, regardless of whether this de- 
flection was an S or a Q. Of the first group we found 19 cases (1.3 
per cent) of which four are included in this report; five others prob- 
ablj'' had myocardial infarct ; two lacked clinical data ; and seven gave 
no evidence for a diagnosis of infarction of the heart. Yet it must be 
noted that of the seven apparently contradictory cases six differed 
from our Tj^pe aBB in that they showed very low voltage, with S3 and 
S3 smaller than 6 mm. Of the second group we collected eight cases 
(0.55 per cent) of which four are considered in this study, and two 
othei’s are suggestive of myocai-dial infarct; one case lacks clinical 
data and only one ease (congenital anomalj’-) seems contradictory. 
Cases of third degree automatism were not included. From these re- 
sults we conclude that the appearance of an electrocardiogram of Tj^pe 
aBB or of Tj^pe b^.j is strongly suggestive, if not absolutelj’- pathog- 
nomonic, of ra.yoeardial infarct. The .same indeed may be said for the 
“coronary T-wave”; the sharplj* inverted T and the plateau T may 
be found in other conditions. Increase in the size of Q, can be inter- 
preted only Avith reservations. While, according to Preundlich,'^ the 
“coronary Q-Avave” is ahA'ays associated AA’ith changes in the final 
complex, the changes in the initial complex AAdiich Ave liaA^e described 
are independent of other electrocardiographic findiug,s, a fact Avhich 
enhances their clinical value. LeA'ine noted that the cases reproduced 
in our Fig. 8 c and d shoAved nothing unusual. Also Ave find the initial 
complex to be the only cA'idence pointing to infarction in Figs. 6a 
and 12a. It seems probable that more aticntion directed to the initial 
complex ivill reduce the number of cases hitherto classed as silent cor- 
onary thrombosis. The changes A\diich Ave haA^e described resemble the 
other recognized electrocardiographic criteria for the diagnosis of 
coronary thrombosis in significance but not in frequency. 

It is not clear AAdiy only a fraction of the cases of true coronary 
thrombosis sIioaa's the changes described in the QRS complex. Tavo 
possibilities must be considered. In the first place it is onlj'' natural 
that the form of the electrocardiogram before the insult should in- 
fluence its further development. In most of the cases cited the pre- 
existing eleetrocardiogi’am shoAA''ed left axis deAdation AAuth fairly high 
AvaA’^es as nearly as can be detex’mined. Hoav the QRS changes Avould 
manifest themseh^es if, before the insult, there Avas right axis deAuation 
or some other tj^pe of record, must be determined by further studies. 
Exceptionally, hoAveA^er, changes of Tj'^pe aBB or b^.j may appear 
Avithout earlier left preponderance, as Fig. 11 shoAvs. 

The second factor which influences the appearance or absence of 
changes in the initial complex is the localization and extent of the 
infai-ct. It cannot be an accident that all the autopsy protocols shoAved 
eAddence of infarction of the left Amntriele, usually Avith extensive 
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myomalacia in the area suiiplied by the anterior descending ranrns. 
One might object that this localization is the most common one, not 
only in the cases cited here, but generally. However, if one accepts 
the statement of Levine, who has most data on this point, that 85 per 
cent of the eases of coronary thrombosis involve the anterior descend- 
ing ramus, one would expect from the number of our cases that now 
and again the thrombosis would have a different site. This is not the 
case in either group one or group two, ivhereas in both the autopsied 
cases of group three there was double thrombosis. On other grounds 
it appears to us not improbable that different anatomical processes 
underlie the first two and the third groups. But this argument is not 
sufficient to explain the absence of the changes in the initial complex 
in a series of eases. Fig. 7 of Levine ^s monograph shows clear left 
axis deviation which remained until death in spite of the fact that 
autopsj’" showed an extensive infarct of the anterior wall of the left 
ventricle. 

In an attempt to explain the mechanism underlying the formation 
of changes in the initial complex after cardiac infarction, we are 
aware that we enter upon the uncertain territory of theory. We 
can with certainty exclude the possibility that extracardiac factors, 
such as change in the position of the heart or altered peripheral re- 
sistance, have anything to do with the process. There remain therefore 
only two other possibilities. Either the changes are the expression 
of a definite disturbance of intraventricular conduction, or they are 
the reflection of a change in the dynamic balance of the two halves 
of the heart. 

1. Theory of disturhance of conduction. Certainly neither the elec- 
trocardiogram of Type aBB nor that of Type bi _3 corresponds with 
the familiar picture of arborization or bundle-branch block. At first 
glance it might seem that Type aBB could be considered as a modifica- 
tion of the usual form of bundle-branch block (so-called right bundle- 
branch block) . The assumption of a block situated so high is incom- 
patible with the anatomical localization; since usually it is only the 
lowest part of the intraventricular septum which is involved in the 
necrosis. For the acceptance of intraventricular or bundle-branch 
block one i-equires a delay in intraventricular conduction time, and 
for a disturbance of both branches one must have a prolongation of 
the P-R interval. Such a condition was present only once in all our 
material. As to the increased duration of QRS as the expression of 
a delay in the spread of the excitatory process through the ventricles, 
the following table shows the results found in our cases. In Table I 
is shown the greatest duration of the initial complex in any one of the 
three usual leads. 
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Table I 


The fliiEATKST WiLTij or THE Initial Complex in Any 1>ead or the 

Electkocardiogua m 


CASE 

EEEOEE ONSET 

OF QUS 

CH.ANUES 

ArrER 

RECOVERY 

Type aBB 

C.TSO 1 

- 


0.10.1 

0.12 

o 

- 


0.10 

— 

.•? 

0.12 


0.110 

_ 

4 

- 


0.00 

O.OS 

5 

O.OO.l 


0.005 

— 

(i 



0.12 

— 

7 

- 


o.os 

— 

Levine, 1 

- 


0.10 

— 

S 

0.00 


o.os 

— 

17 

- 


0.10 

- 

30 

- 


0.000 

— 

43 

_ 


0.000 

— 

70 

- 


0.10 

— 

77 

- 


0.110 

— 

Dressier 

- 


0.10 

— 

Freunrllich, 11 

— 


0.00 

— 

12 

— 


0.005 


Maliaim 

— 


0.10 

— 

Condorclli 

- 


0.10 

— 

Oettinger 

o.os 


0.10 

- 

Type 

Case 8 

- 


o.os 

- 

0 

- 


0.09 

- 

10 

0.07 


0.07 


11 

- 


0.00 


12 



0.00 

- 

13 

- 


o.os 

- 

14 

- 


0.113 

- 

Levine, 30 

— 


0.075 

- 

44 

- 


O.OS.l 

- 

Type ci-3 

Case 1.1 

0.12 


0.10 

- 

Levine, 20 

0.10 


0.13 

0.10 

( 'ooksey 

0.1 1 


o.os 

- 


Tivo Ihing's must be considered in iiderjircting Ihese figures. It is 
possible that Ibe ■widening of the initial complex is dependent on a 
preexisting and unrelated bundle-branch disturbance, as in Cases 3 
and 15 in which heforc the onset of the coronaiy thrombosis the initial 
complex was ividened to a duration of 0.12 sec. On the other hand, 
the degree of widening of the QllS conpdexes which is found in Table 
I is not definite proof of interruption of the path of conduction through 
a bundle branch, for we may find such slight change in cases of marked 
hyperti'ophy.’^ If, in our series of 31 case.s, avc find tlie duration of 
QRS to be less than 0.1 sec. in sixteen cases, just 0.1 sec. in nine, and 
more than 0.1 in seven, we are certainly not justified in drairing any 
conclusions as to the importance of widening of QKS as one of the 
criteria of the changes in the initial complex or as to the existence 
of a disturbance of conduction in all these cases. 




^VINTERNITZ; ELECTROCARDIOGRAM AFTER INFARCTION 639 

Histological studies of the conducting fibers of appropriate cases 
would be of help in solving the problem. Unfortunately we did not 
make serial sections of our cases, nor does Levine ^s material have this 
information. Only in Mahaim’s® case were there satisfactory his- 
tological studies. As a matter of fact examination of his case (see our 
Fig. lOd) showed complete interruption of the right branch and partial 
destruction of the left. He attributed the electrocardiographic changes 
to this lesion of the conducting sj^tem. We do not feel that we can 
draw final conclusions from this isolated case, especially as the P-R 
interval was normal as opposed to the histological picture. 

Regarding the great difficulty in making, and the caution required in interpreting, 
Jiistologieal studies of the heart, ve refer to the judgment of sucli experienced in- 
vestigators as Lervis.io Even regarding the laborious and precise studies of Mahaim 
some doubt arises. In tlie case in question the cause of the infarct is given as a 
septic embolism occurring in the presence of ojicn foramen ovale, ■which seems in- 
compatible -nutli the history of increasing decompensation for one year as '\vell as 
vith the macroscopic picture of the usual ventricular aneurysm ^Yith adherent peri- 
cardium but no evidence of infection. Elsewhere in Mahaim ’s work doubt arises 
over the agreement of histological findings with incorrect electrocardiographic 
diagnoses. Thus on page 1G9 in a case of ventricular rhythm in complete block he 
interprets the form of the beats arising in the ventricle to a coexisting bundle-branch 
block which seems quite unlikely. Moreover, the histological picture is opposed to the 
diagnosis of bundle-branch block. In Eig. 30 (p. 120) he shows an illustration of 
complete block in which the auricular rate is somewhat less than twice the ventricular 
rate and calls it “Tjqm II, 2:1 rhythm” which is quite erroneous. 

One must wait for further evidence before interpreting T 3 '’pe aBB 
as a special form of intraventricular block. This interpretation is 
still less probable as applied to Type bj._ 3 , for we find that eight of 
the nine reported eases have a QRS duration which is normal. The 
possibility of disturbance of conduction in the terminal ramifications 
of the right bundle cannot be affirmed or denied since we know little 
of this condition in animals and nothing of it in man. Wilson and 
Herrmann,'® on the bases of experiments ivith dogs, doubt that lesions 
of the terminal ramifications lead to substantial electrocardiographic 
changes, 

2. Theory of disturbed muscular balance. This rests on the assump- 
tion that the mass of muscle which is cut off from the circulation by 
the closure of a vessel no longer gives rise to a process of electrical 
activity. This must lead to a change in the djmamie relation between 
the right and the left sides of the heart and to a distortion of the 
original ventricular complexes. It is easy to understand that an infarct 
of the left ventricle would lead not onlj'- to a decrease in the left axis 
de-riation, but also to unusual modifications of the waves, for it is only 
a part of the left ventricle which is cut out ; the potential of the re- 
maining part is not disturbed. The fact that the appearance of the 
changes which we described in the initial complex ^vas linked with a 
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large infarct supiiorts this interpretation. It is more difficult to under- 
stand lyhj in some cases the changes in the initial comjilex following 
coronaiy closure may be delayed eonsiderablj^, and in a few cases they 
are reversible. We must remember that the development of necrosis 
is not always acute, nor is the process in the vessels always linked 
with the acute sjoidrome of coronaiy occlusion. Again there may be 
some return of circulation in the affected area either through a col- 
lateral circulation or through canalization, particularlj'- when the gen- 
eral circulation improves with a rise of pressure in the aorta. The 
autopsy findings in the third group of eases fit in with this idea, for 
here the electrocardiogram showed simple decrease in the waves, while 
a double thrombosis had cut out a lai’ge part of the two sides of the 
heart. Our interpretation fits in with the opinion expressed by Haliu^^ 
who in the ease of a patient with a histoiy of hj’-iiertension saw the axis 
deidation change from left to right after the second infarct, and who 
expressed the possibility that this was a result of change in the dj^- 
namie equilibrium following the infarct. 

It would be pleasant to try to determine in the case of Tjqie aBB 
and especially in the ease of Tjqie b^.g how the electrical axis changes 
in the individual phases of the electrocardiogram with the appearance 
of changes in the initial complex. Apart from the fact that very re- 
cently serious objections have been raised to the older methods of 
determining axis deviation, our apparatus is, unfortunately, not set up 
to register two simultaneous tracings. 

SUMMARY 

Fifteen personal cases and 26 from the literature are reported, in 
which charactei'istic changes appeared in the initial complex follow- 
ing a coronaiy closui’e. These changes appeared immediately or some 
time after the insult, and remained definite or regressed. 

The changes may be classed in thi*ee groups. In the fii'st, one finds 
a modified form of left axis deidation with small and deep So and 
S 3 . The characteristic of group two is the negativity of the principal 
deflection of all leads, whether tliis be S or Q. The third group is 
recognized by the shrinking of all the main waves while smaller de- 
flections may persist unchanged. 

The anatomical basis for the first two groups is an extensive necrosis 
of the anterior heart wall ; for the third group it is necrosis of anterior 
and posterior walls as a result of two thromboses. Controlled by a 
sei'ies of 1,460 electrocardiograms chosen at random, these changes 
were found to be not pathognomonic, but most suggestive of the pres- 
ence of infarct of the heart. They occur less frequently than do the 
hitherto recognized signs of coronary thrombosis, but they may be 
present in those cases in which there are no characteristic changes in 
the final complex. 
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As the interpretation of the QRS changes, a disturbance of the mus- 
cular balance of the two sides of the heart caused by the cutting out 
of a large mass of muscle is brought forward, but the possibility re- 
mains that for each group there is a localized disturbance of intra- 
ventricular conduction. 

Later Note. While we were writing oui* paper, a work by Wilson, 
McLeod, Barker, Johnston and Klostermeyer (Heart 16: 155, June 
1933) first came to our attention, at a time when our observations 
were already complete. These writers also studied changes in the 
QES complex after coronary thrombosis and listed two types which 
they indicated as Tjnae Qi and Type Qg. The first of these has in 
addition to a very small E-i and a deep Sg and S 3 . Thus in Figs. 

I, 2, 4 and 8 Ave recognize our Type aBB, in Figs. 2, 5 and 19 our Type 
bi_ 3 . Our third tj^pe is also shoivn Hvice, once udth sure signs of in- 
traventricular block, and once Avithout this. The autopsy findings 
correspond to those of our cases. The authors place most emphasis 
on the Q changes but must add that the type may occur without 

as the single illustration evidences. The Qg type has nothing to do 
AAuth the cases Avhieh Ave haA'^e described and at present seems to us 
not veiy characteristic. Concerning the relation betAveen the electro- 
cardiographic picture and the site and extent of the infarction, Ave feel 
that the authors are too cautious. Also they incline to the AueAV that 
the changes in the initial complex are an expression of the cutting out 
of the infareted part of the muscle. 
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THE DUE.ATION OF THE QES COMPLEX IN THE NORMAL 
AND IN THE ABNORMAL ELECTROCARDIOGRAM 

A Study of 500 Cases, With a Note on Nomenclature* ft 

Sylvester McGinn, M.D., and Paul D. White, ]\I.D. 

Boston, Mass. 

A SUR’VEY of the literature has failed to reveal sufficient statistical 
data to establish durations for the QRS complexes of the normal 
human eleetroeardiogram at all ages, although 0.1 second as the upper 
limit has been set common experience. The question has recently been 
asked whether or not this figure is higher than it should be. Hence we 
have made accurate measurements of the duration of the initial ventricu- 
lar complexes in all leads in a series of 500 individuals, of Avhom 150 were 
normal and 350 had heart disease. In connection Avith this study several 
points of related interest have come to our attention. 

LITERATURE 

(a) Normal Individuals. A number of the standards employed in 
reading electrocardiograms originated in the earliest days of electro- 
cardiography from the ivork of Leivis and Gilder® Avhicli consisted of 
an analysis of the tracings of 52 normal males between the ages of 
eighteen and thirty-five years. The duration of the QRS complex Avas 
not considered at that time,- but in a subsequent studj'- hy LeAAUs, among 
other determinations, the average duration of this complex for eight 
normal indmduals Avas estimated to be 0.0781 second. In his book. The 
Mechanism and Graphic Registration of the Heart Beat, Lewis^ states 
in referring to the QRS group of deflections, ‘ ‘ This group of deflections 
has a total duration of no more than 0.1 of a second, and usually. con- 
stitutes less than one-third of the full Amiitricular complex.” Again in 
another passage lie says, “the QRS group of the normal human electro- 
cardiogram lasts 0.08 of a second in the aAurage. ’ ’ Ferguson and 0 ’Con- 
nelF reported that in the electrocardiograms of 1,812 young men Avitliout 
sjunptoms referable to the heart only two had QRS durations of over 0.10 
second. Jensen, Smith, and CartAAmighF found the duration of the QRS 
complexes to be betAAuen 0.06 and 0.08 second in a majority of 50 patients 
betAveen the ages of fifty and sixty-five years. 

♦From the Cardiac Clinics and Electrocardiographic Laboratorj^ of the Massa- 
chusetts General Hospital. 

fPresented bv title before the American Society for Clinical Investigation. Atlantic 
City, May 2. 1932. 

tThe tables will be published in the reprints of this article. A copy of the reprint 
may be obtained by writing to the authors. 
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The electrocardiograms of normal children have been studied more 
extensively than those of adults. Seham^“ in his section devoted to 
electrocardiography in Abt’s Pediatrics gives the duration of the QES 
complex as 0.036 second in normal infants eleven days to one year of 
age; 0.049 second in children one to five years of age; and 0.069 second 
in the later years of childliood. Lincoln and Nicolson® found the average 
duration of the QRS complex to be 0.06 second as observed in the electro- 
cardiograms of 222 normal school children between the ages of three 
and twelve years. 

(b) Patients With Heart Disease. Lewis® has reported measurements 
of the duration of the QRS complex in a few abnormal electrocardio- 
erams. It was found to average 0.1005 in six curves with "left ventric- 
ular preponderance” and 0.0788 in six having right axis deviation con- 
sequent to mitral stenosis. He believed that the reasons for this dif- 
ference are that there is a greater increase in the total muscle mass in 
left ventricular hypertrophy and that the end phases of the complex 
represent the spread of the waves in the left ventricular wall. Pahr^ 
found that the QRS complexes of electrocardiograms of pure left ven- 
tricular enlargement were more prolonged than were those in normal 
curves and measured from 0.10 to 0.12 second. He attributed this 
prolongation to the increased length of the conduction path in the hyper- 
ti’ophied muscle through which the impulse must travel. 

Wilson and Herrmann^^ have considered that a relationship exists be- 
tween the duration of the QRS complex and the ventricular weight, but 
that when the measurement exceeds 0.10 second, some factor other than 
hypertrophy of the muscle is responsible, such as defects in the intra- 
ventricular conducting system. 

PRESENT STUDY 

We have studied a series of 500 electrocardiograms in which the QRS 
complexes of all three classical leads have been measured by means of 
the Lucas comparator. We have included in this series the tracings of 
100 normal adults, 50 male and 50 female, and of 50 normal children 
twelve years of age and under. These individuals have been examined 
by us and have shown no evidence of cardiac disease. The remaining 
350 electrocardiograms are representative of various cardiac disturbances 
and consist of 100 having abnormal left axis deviation, 50 of whieh have 
upright T-waves in Lead I, and 50 inverted T-waves in Lead I ; 50 with 
abnomal right axis deviation ; 50 with normal T-waves but from patients 
having heart disease, 50 with abnormal T-waves from patients having 
heart disease; 50 with intraventricular block of lesser grades; 30 with 
bundle-branch block, of which 20 show left axis deviation and 10 right 
axis deviation ; and 20 cases of premature beats, of whieh 10 are of ven- 
tricular origin and 10 of auricular origin. The ectopic complexes show 
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riglit axis deviation in 5 of the eleetroeardiogTams -with ventricular pre- 
mature beats and in the other 5 left axis deviation. Of the 10 tracings 
having auricular premature beats the abnormal P-waves are followed 
normally shaped ventricular responses in 5 and by some degree of 
aberration of the ventricular responses in the other five. 

Our procedure has been to measure three QKS complexes in each of 
the three leads b.y means of the Lucas comparator. The average dura- 
tion of the complexes of each separate lead was estimated, and the largest 
of the three figures was taken as representing the maximum duration 
of the ventricular complex for that electrocardiogram. Simultaneous 
records in Avhich Leads I and II and Leads III and I were taken to- 
gether form a part of the total 500 tracings. All the electrocardiograms 
were standardized (one millivolt equals one centimeter) and none show- 
ing instrumental artefacts, such as overshooting, were included in the 
study. 

The Lucas comparator has been described in detail b.y Lewis."’ It 
includes a microscope at each end of a movable bar, one of which is 
directed on the electrocardiogram and the other on a scale so graduated 
that readings are possible to one-hundredth of a millimeter. The compu- 
tation of the measurements includes corrections for variance in the time 
marker bj' using percentages which automatieall.y check themselves. The 
figaires are translated into time relations so that the final answer as to 
the duration of the QRS complex is given in fractions of a second. 

Lewis found that the possible error for this type of calculation in 
measuring R-R intervals was 0.0234 second for the maximum, but that 
the greatest variation more closely approached, the minimum possible 
error of 0.0028 second. To insure as much accurac.y as possible the 
measurements of 250 of our series of 500 electrocardiographic records 
were remeasured and compared with the fii’st readings. The difference 
with very few excei^tions amounted to onl.y a few hundredths of a 
millimeter and depended upon the determination of the end points h.A^ 
two individuals. 

FINDINGS 

Normal Adults. The average duration of the QRS complex in the 
electrocardiograms of our series of 100 normal adults of all ages (see 
tables in reprints) was 0.0777 second. Half this group of patients were 
males Avho had an average duration of the QRS deflection of 0.0833 
second; 66 per cent of these males had a QRS duration longer than 
0.0800 second. The 50 females had shorter duration times of the QRS 
eomiilex than did the males. The average for this group was 0.0722 
second with only 20 per cent over 0.0800 second. The width of the QRS 
waves had no consistent relationship to the ages of these 100 normal 
adults, to their pidse rates, or to the amplitudes of their ventricular 
complexes. Of the 50 normal male patients 11 were tall in stature, 10 
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of wlioiii liad QRS complexes M'ider than 0.0833 second, the average for 
the group. One tall patient was included in the group of 50 normal 
females, and she had a duration time of 0.0T82 second. The widths of 
the QRS complexes in patients considered to he overweight were below 
the average for the group as frequently as they were above it. 

The longest QRS times were most frequently observed in Lead III; 
this was true in 44 tracings. The duration of the QRS complex ivas 
tlie most prolonged in Lead II in 37 eleetrocardiogTams and in Lead I 
in 19 instances. In the electrocardiograms of 16 of the normal adults, 
Leads I and II and Leads III and I were taken simultaneously; the 
widest QRS wave was found in Lead III in 9 of these individuals. 



Pig". 1. — Blectrocardiogrranis of normal individuals. A, Common type with tlie 
usual QKS complex ; B, widening of the QRS in Lead HI due to an upright S-wave 
(Leads I and II recorded simultaneously) ; C, widening of the QRS due to notching in 
Leads II and HI (Leads I and II recorded slmultaneoiisly) ; the voltage of the QRS 
waves in this record is rather low. 

Leads I, II. and HI are sliown in order in these records and in those of the figures 
to follow. Time interval 0.2 -second. Amplitude 1 mm. 10-* volt. 


In 18 of the 100 normal adults’ electrocardiograms the QRS duration 
was more than 0.0900 second. The majority of these records showed 
individual variations in the ventricular complexes that accounted for 
the prolongation. Slurring of the descending limb of the R-wave and 
notching of the QRS in Lead III were found frequently. Three of 
these IS tracings had a duration of the QRS wave greater than 0.100 
second; 2 of these 3 had in Lead III low voltage and considerable notch- 
ing of tlie ventricular complexes. An “upright S-wave” superimposed 
on the descending limb of the R-wave in Lead III was found in three 
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tracings and an "upright Q-wave’" was found interrupting the ascend- 
ing phase of the R-wave in Lead I in another electrocardiogram. 

Normal Children. The electrocardiograms of 50 normal children 
twelve years of age and under were studied to determine the duration 
of the QRS complex in ehildliood. It was found to average 0.0719 sec- 
ond, very closely approximating the average measurement found in the 
50 normal females and somewhat longer than has been previously re- 
ported for children. There were 26 boys and 24 girls in this series, the 
foiTuer tending to have slightly wider QRS complexes than the latter. 
Of 28 cases in which the duration of the ventricular complex was more 
than 0.0700 second, IS were boys. Tlie youngest children were included 
in the group whose tracings sliowed the QRS duration to be 0.0700 sec- 
ond or less, tlie average age being 7.4 years as compared witli 8.3 years 
for the group with QRS durations longer than 0.0700 second. The ages 
of the children were as follows: two years 4 eliildren, three years 1, 
four jmars 1, five years 2, six j'ears 8, seven years 4, eight years 5, nine 
3 ’ears 7, ten years 7, eleven years 6, and Lvelve years 5. 

ABNORaiAL CASES 

Abnormal Left and Right Axis Deviation. Tlie duration of the QRS 
complex was detemined in 100 electrocardiograms having an abnormal 
degi’ee of left axis deviation; 50 of tliese had upriglit T- waves in Lead I 
and the other 50 inverted T-waves in Lead I. In the 50 eases with 
upright T-waves in Lead I the QRS wave liad an average duration of 
0.0889 second; Lead III was completely inverted in 14 of these eases 
(in 8 of these the QRS wave duration exceeded the average for the 
group of 50). The eleetroeai’diogi’ams of this first group of 50 cases 
were obtained from 30 males and 20 females; of tlie latter only 4 had 
QRS complex durations greater than the general average of 0.0889 sec- 
ond for the 50 cases. Tlie maximum duration of the ventricular com- 
plex was found in Lead III 19 times, in Lead II 17 times, and in Lead I 
14 times. There were 36 tracings Avith simultaneous records of Leads I 
and II and of Leads III and 1. In these special films the QRS complex 
was widest in Lead III fifteen times and in Leads II and I twelve and nine 
times respeetively. 

The aA-erage duration of the QRS A'/ave in the 50 cases haAdng an 
abnormal degree of left axis deAuation and an iiwerted T-AA^m in Lead I 
Avas 0.0985 second. Lead III was completely inverted in 6 of these 50 
electrocardiograms, of Avhich number 2 had QRS AvaAms Avider than 
the average for the group. There were tracings from 36 male patients 
and 14 female patients. Nine of the female patients had QRS waves 
AAdder than 0.0985 second which Avas the aAmrage for these 50 patients. 
The Avidest QRS waAm was recorded in Lead III in 21 instances, in Lead 
II in 11, and in Lead I in 18. There Avere 20 electrocardiograms in 
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wMch two leads were taken simnltaneotisly, and it was shown that the 
widest QRS wave appeared seven times in Leads II and III respectively 
and 6 times in Lead I. 

Fifty electrocardiograms having an abnormal degree of right axis 
deviation were measured, and in these the average duration of the QRS 
complex was found to be 0.0870 second. Equal numbers of males and 
females were represented in this series and were evenlj’- distributed in 
relation to the average duration of the QRS wave for the group. The 
widest QRS complex was found 23 times each in Leads II and III and 
only 4 times in Lead I. In 13 electrocardiograms with leads taken simul- 
taneously, the greatest duration of the QRS complex was found in Lead 



axis deviation with inverted T-wave in Lead I simultaneously) ; B, left 

taneously) ; G, rig-ht axis deviation ^ (Leads I and 11 recorded slmul- 


III five times, in Lead II six times, and in Lead I twice. Eleven of the 
patients whose electrocardiograms sliowed an abnormal degree of right 
axis deviation had congenital heart disease and the others, with two ex- 
ceptions had mitral stenosis. Nine of the patients with congenital heart 
disease had QRS complexes wider than 0.0800 second. 

A comparison of the above three groups of electrocardiograms 
( ach group containing 50 electrocardiograms) indicates that the 

rXo r t;* 

Ug abnoimal left axis deviation with inverted T-waves in Lead T 
The average durations of the QBS waves in those 
mg abnormal left axis deviation with upright T-waves in Lead I and 
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those with ahHormal right axis deviation were similar, and more closely- 
approached that found for normal adults although still exceeding it 
somewhat. 

Electrocardiograms of 100 Patients ^Yith Heart Disease Witlioxd Any 
Abnormal Degree of Either Left or Right Axis Deviation. The electro- 
cardiograms of 100 patients with heart disease without any ahnoi*mal de- 
gree of either left or right axis deviation were studied, and the duration 
of their QRS complexes was determined. There was no bimdle-hranch 
block in these tracings. In 50 of the 100 cases there were abnormal 
T-waves in Lead I or Lead II, and in 50 there were no abnormal T-waves 
in either Lead I or Lead II. 

All the 50 electrocardiograms in which the T-wave was upright in 
Leads I and II were those of patients in whom we had made the diag- 
nosis of inidoubted angina pectoris, 42 of their number being males. 
The average duration of the QRS complexes in tliesc 50 cases was 0,0779 
second. Twenty -two of the 50 records shoAved the widest QRS complexes 
in Lead II, 17 in Lead III, and 11 in Lead I. Four of the 7 films in 
which the leads were taken simultaneously showed the widest QRS com- 
lilexes in Lead I. 

The average duration of the QRS complex was 0.0827 second in the 
50 electrocardiograms of patients having heart disease and abnormal 
T-waves in Lead I, in Lead II, or in both Leads I and II, but in which 
there was neither abnormal axis deviation nor bundle-branch block. The 
diagnosis of eoronarj'- thrombosis was made by us clinically in all these 
50 patients. There were 21 tracings with an inverted T-wave in Lead I 
and 14 Avith a diphasic T-wave in Lead I. Of the remaining 15 electro- 
cardiograms 10 had an inversion of the T-wave in Lead II and 5 had 
diphasic T-waves in Lead II, Six of the 10 electrocardiograms having 
inverted T-Avaves in Load II had QRS Avave dui'ations of over 0.0900 
second; othenAuse there Avas no suggesthm relationship betAveen the AAudth 
of the QRS complex and the type of T-Avave. Portj’^-fonr of these 50 
electrocardiograms Avere from male patients. The Avidest QRS complexes 
Avere found 21 times each in Leads I and II. There were 17 tracings in 
Avhieh tAvo leads Avere taken simultaneously, and of this number the QRS 
Avave Avas Avidest in Lead II in the majority of instances. 

Intraventricular Bloch Including Full Bundle-Branch Bloch. The 
ventricular complexes Avere studied in 50 electrocardiograms shoAving the 
presence of intraventricular block of slight to moderate degrees (not 
the full classical bundle-branch block) and in 30 electrocardiogx'ams 
shoAving full bundle-branch block. The aAmrage duration of the QRS 
Avaves in the first group Avas 0.1307 second AAdth the tAvo extremes 
0.1007 second and 0.1640 second. There AAmre 46 males and 4 females rep- 
resented in this group of 50 patients ; tAvo of the 50 patients complained 
of diseases not I’elated to the heart, tAVO had functional cardiac dis- 
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tiirbaiiees,^' and tlie remainder had complaints due to organic heart 
disease. The widest QRS complex was found in Lead III in 19 trac- 
ings, in Lead II in 18, and in Lead I in 13. Of 10 electrocardiograms 
with two leads taken simultaneously, the duration of the QRS complex 
was greatest in Lead III on 6 occasions. 

Three additional electrocardiograms were measured in which the in- 
terpretation had been intraventricular block on account of the shapes of 
the QRS waves, although the duration of the ventricular complex was 
less than 0.100 second. The measurements of the durations of the QRS 
waves in these cases were 0.0896 second, 0.0931 second, and 0.0996 sec- 
ond respectively. It is thought that the interjiretation of intraventrieu- 



Pig. 3. — Electrocardiograms showing detects in the ventricular conducting system. 
A, Intraventricular block of lesser degree ; B, bundle-brancli block with left axis devia- 
tion - a, bundle-branch block with right axis deviation (Leads I and II recorded 
simultaneously) , 


lar block was justified because of the extreme notching and altered shape 
of the ventricular complexes despite their relatively short durations. 

The durations of the ventricular complexes were estimated in 30 
electrocardiograms having typical bundle-branch block, of which number 
20 had left axis deviation and 10 right axis deviation. The former 
under the old terminology are considered to indicate defects in the 


bv «P"es reported 

\Vnite in. wmeh there were sometimes widenG/^ nr?*? urnTroc? 

ssvsf “o «“ '»■ AV'‘Str‘iar,r.^a';s.t r-t 
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right branch of the bundle, but left bundle-branch block according 
to the new nomenclature. Lewis found that the average duration of the 
QRS complex in 7 tracings having such changes was 0.1396 second; in 
our 20 cases it was 0.1499 second. Twelve of the 20 patients were males. 
The majority of these 20 records showed the widest QRS waves in 
Lead II. 

The 10 tracings liaving bundle-branch block with right axis deviation 
gave an average duration of the QRS complex of 0.1412 second. Six 
of these patients were males. The widest QRS complexes were most 
often found in Lead III in tliis group. 

Ventricular and Auricular Premature Beats. Twenty electrocardio- 
grams having frequent premature beats were studied, and the durations 
of the first ventricular complexes (QRS waves) were determined. It was 
not possible to obtain 3 of these special complexes in eveiy lead for 
measurement as had been the procedure throughout the series; however, 
no fewer than 7 premature beats were measured in each instance. 

The average duration of the QRS waves of ventricular premature 
beats with left axis deviation was 0.1374 second in 5 electroeardiogi’ams. 
Three of these patients were males. The duration of the QRS waves of 
ventricular premature beats having right axis deviation was 0.1401 
second in 5 electrocardiograms of 5 other cases. Those ventricular com- 
plexes having the longest time intervals were found most frequently in 
Lead III. 

The normal ventricular responses to auricular premature beats were 
measured in 5 electrocardiograms, and tlie average width of the QRS 
waves was found to be 0.0801 second. There were four males and one 
female represented by these eleetrocardiogTams. The widest QRS com- 
plexes were found tmee in Lead II and twice in Lead III. In five other 
electrocardiograms the duration of the QRS wave was determined for 
aberrant ventricular responses to auricular premature beats. The aver- 
age duration of these QRS inteiwals was 0.1216 second. Three of the 
tracings were from male patients. The greatest aberration of the ventric- 
ular responses to ectopic auricular beats was observed twice in Lead I 
and twice in Lead 11. 


NOTE ON NOMENCLATURE 

The present study has called our attention to the inconsistencies of 
the nomenclature of the QRS complex of the electrocardiogram. In de- 
scribing the ventricular complex the method most in vogue at the pres- 
ent time of calling the upward deflection of the QRS complex the R-wave 
and the downward deflections Q and S according as they precede or 
follow the R-wave is unsatisfactory in that there may be more than one 
upward deflection (see Lead III of Fig. 4A) and in that the first down- 
ward deflection may be deep and wide, not in appearance like the usual 
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Q-wave and in time coincident with the R-wave of Leads I and II (see 
Lead III of Fig. 4R). Nor is the earlier nomenclature of Einthoven 
wholly satisfactory, even though it is more consistent in that the deflec- 
tions are labelled according to their timing in the cardiac cycle and not 
merely arbitrarily; that is, Q-, R-, and S-waves may he upright or in- 
verted but represent in sequence phases of the first spread of the excita- 
tion wave into the ventricles; thus in Lead III of Fig. 4A there are in 
sequence an upright Q-wave, an inverted R-wave, and an upright S-wave. 

The timing, however, of the individual deflections is often difficult or 



Pig. 4. — ^Electrocardiograms showing' variations of QUS complexes, with Leads I 
and II taken simultaneously, and Leads HI and I taken simultaneously. Aj The QRS 
in Lead III presents two upright peaks and one directed downward, the downward 
deflection corresponding in time with the upright R in Lead I. It represents an in- 
■verted QRS complex ; B, the QRS in Lead III is diphasic, the first deflection being 
^■"'dward and followed, by an upw'ard deflection. Timing of the complexes shows 
that the downward deflections in Lead III occur simultaneously with the upright peaks 
or R-waves in Lead I. 

impossible, when we are dealing with a diphasic or monophasie curve, 
unless two or more leads are recorded simultaneously. As a matter of 
fact, the old German designation for the QRS wave, namely I standing 
for Initialschwanlmug, is in some respects preferable to QRS. But either 
designation is suitable if we limit ourselves to a clear, simple description 
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of what Ave actually see — thus the QRS AA^ave may be deserihed as con- 
sisting of plus and minus deflections extending so manj^ millimeters 
aboA'e or heloAA^ the baseline Avithout any arbitrary and often misleading 
attempt to label the indiAddual defleetions by exact letter; in Fig. 4 A 
the QRS AA^ave in Lead III may be briefly and accurately presented as 
QRS equals plus 1, minus 2, plus 4, and in Fig. 4R QRSg equals minus 3, 
plus 7. For the past fiAm years or more AA^e have used successfully at 
the Massachusetts Genei’al Hospital this method of describing the QRS 
complexes in electrocardiograms shoAving Ioav Amltage in all leads. The 
method may usefulH be exiDanded to include all electrocardiograms. 
Finally, the duration of tlie indhddual deflections maj'- be expressed 
either roughly or accurately by measurement in addition to their direc- 
tion and amplitude. In the last analysis, hoAvever, a I’eproduction of 
the complex itself by photograph, tracing, paper, or rough draAAung is 
more instructive than anj'- amount of description, more or less as actual 
sight of a patient is more valuable than a Avord picture, no matter hoAV 
good it is. 

SUMMARY 

1. Three ventricular complexes have been measured Avith the Lucas 
comparator in each of the three leads of 500 human electrocardiograms 
(150 normal subjects and 350 abnoi’mal subjects) in order to determine 
the average duration of the QRS AA'aA’-es. 

2. The average duration of the QRS complex in 100 normal adults 
AA^as 0.0777 second. Fiftj" of the patients Avere males AAdth an average 
duration of the QRS time interval of 0.0833 second, and 50 Avere fe- 
males AAuth a shorter time interval of 0.0722 second. The aAmrage dura- 
tion of the QRS complex in 50 normal children tAA'elve years of age and 
under Avas 0.0719 second Avith the males having slightly longer duration 
times. Some particular variation of the Amntricular complex such as 
notching or upright S- O]' Q-waves accounted for QRS Avaves AAuder than 
0.0900 second. 

3. The only important correlation of the duration of the QRS AwaA'e 
in normal individuals is apparently that AAutli heart size; the taller the 
jAerson, as a rule, the Avider the QRS complex. Neither the age of the 
patient nor the cardiac rate appeared to have any relationship to the 
duration of the QRS AvaAm except that the QRS AvaA’'es of ehildi'en are in 
general narroAver than are those of adults. The QRS AvaAm Avas found 
to be Avidest most frequently in Lead III. 

4. The normal upper limit of duration of the QRS Avave of the electro- 
cardiogram in children of tAveNe years and under ma.v be accepted as 
0.09 second, and in adults as 0.10 second. In our sei'ies of 50 normal 
children only 2 shoAA'ed QRS AvaA^es more than 0.09 second long (0.0915 
and 0.0992) and in oui’ sez’ies of 100 normal adxilts only 3 shoAved QRS 
AA'aA'Cs OAmr 0.1 second in duration (0.1006, 0.1017, and 0.1053). 
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5. In 50 electrocardiograms having an abnormal degree of left axis 
deviation and an upright T-wave in Lead I the average QES wave dura- 
tion was 0.0889 second, and in 50 tracings with an abnormal degree of 
left axis deviation associated with an inverted T-wave in Lead I the 
duration time averaged 0.0985 second. The duration time of 0.0870 
for the QES waves in 50 electrocardiograms having an abnormal degree 
of right axis deviation was thus slightly shorter than that of the cases 
with an abnormal degree of left axis deviation. 

6. The QES wave durations of 100 electrocardiograms of patients 
having heart disease without bundle-branch block or an abnormal de- 
gree of axis deviation were measured. The average duration of the 
QES complex was 0.0779 second in 50 patients having angina pectoris 
without abnormal T-waves in Lead I or Lead II. The average dura- 
tion was 0.0827 second for 50 patients who had had coronary thrombosis 
and showed alniormal T-waves in either Lead I or Lead II. 

7. Fifty electrocardiograms interpreted by us as showing intraventric- 
ular block of lesser degrees liad an average QES wave duration of 0.1307 
second. The average duration of the ventricular complexes was 0.1499 
second in the 20 cases of full bundle-branch block with left axis deviation 
and 0.1412 second in 10 cases of full bundle-branch block with right 
axis deviation. 

8. The average duration of the QES complexes of 5 ventricular pre- 
mature beats with left axis deviation was 0.1374 second and of 5 ven- 
tricular premature beats with right axis deviation 0.1401 second. The 
QES interval averaged 0.0801 second in duration for the normal ventric- 
ular responses to premature beats of auricular origin in 5 cases, and 
0.1216 second for aberrant ventricular responses to auricular premature 
beats in 5 other cases. 

9. This study has called our attention to the inconsistencies of our 
present nomenclature of the deflections of the QES complex. "We 
suggest that a more satisfactory method of describing this complex would 
be to state positive and negative deflections by appropriate signs with 
amplitudes expressed in millimeters; thus, QES equals minus 2, plus 
12, minus 5. Tlie duration of the total complex or of the individual 
deflections may be added if abnormal. 
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DYNAMIC DILATATION OF THE THORACIC AORTA'' 

W. K. PuRKS, M.D. 

Boston, Mass. 

I N ONE sense of tlie word all dilatation of tlie aorta is dynamic dila- 
tation, for without the pressure of the blood within the vessel dilata- 
tion would not ocenr. The term “dynamic dilatation” as commonly 
used, however, indicates that the internal pressure of the blood is the 
sole cause of the dilatation and that strnctnrally the aorta is normal 
and consequently after death retimis to normal size. In view of the 
marked elasticity of the normal aorta which year after year must 
yield to the impact of the systolic thrust of the heart it seems remarkable 
that so-called dynamic dilatation does not occur more often. Con- 
sidered on a purely physical basis, if an individual’s diastolic pressure 
changes from SO mm. Hg to 120 mm. Pig, his aorta must be distorted to 
some extent. The distortion may be chiefly manifest as tortuosity or 
as an increase in width, the tortuosity being due to an increase in length. 
It is at times important to laiow whether the dilatation of the thoracic 
aorta seen by x-ray examination is functional (dynamic) or represents 
a diseased aorta. Our attention was recently focused on this question 
by seeing a patient in whom the roentgenologist found an aorta dilated 
to aneurysmal proportions and in whom the pathologist found an aorta 
of normal size. 

CASE REPORT 

E. M. Medical Case No. 42513. A negro chef, aged forty-five years, was admitted 
to the hospital Feb. 8, 1933, complaining of precordial pain and shortness of breath 
of three months' duration. His family history was negative. There was no history 
of sjyhilis, though he had had gonorrliea twelve years previously. During the last 
two years he had been troubled by frequent occipital headaches. Three months 
before admission he first noticed precordial pain. It was persistent though of 
variable intensity and was accentuated by exertion, at which time it became quite 
severe. He had frequent paroxysms of nocturnal dyspnea. For tw'o months there 
had been frequent attachs of temporary blindness in the right eye followed by 
diplopia. 

Physical Examination . — Showed good development and nutrition. He was in 
moderate respiratory distress. Both optic discs showed a swelling of one diopter. 
A few white spots were seen in both retinas. There was evidence of vascular disease 
and one small hemorrhage on the right. The carotid arteries pulsated forcefully. 
There was no tracheal tug. The lungs showed occasional coarse rfiles at the right 
base. The cardiac impulse was 12- cm. to the left of the midline. The left border 
of cardiac dullness measured 12.5 cm., right border of cardiac dullness 4 cm. 
from th e midline and the supracardiae dullness 6 cm. A systolic murmur was 

‘Prom the Medical Clinic of the Peter Bent Brigham Hospital, Boston, Mass. 
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lieard at tlie aiiex. TJiere was no diastolic murmur. The heart action was regular. 
The aortic second sound was ringing in character. The blood pressure was 200 
mm. systolic and 160 diastolic. The remainder of the examination was not re- 
markable. 

His admission temperature was 99°, pulse SO and respirations 24. The red 
blood count was 4,600,000, hemoglobin S2 per cent (S), white blood count 7,500 
with a normal differential. The blood Wassermann and Hinton tests were positive. 
An x-ray picture of the heart showed a widening of the aorta in the anterior, 
posterior and lateral views. 

He had repeated attacks of severe preeordial pain, partiallj- relieved by nitro- 
glycerin. On one occasion he had severe pain localized in the epigastrium, asso- 
ciated with a fall of blood pressure to 150/100 and with electrocardiograms quite 
tj’pical of coronary occlusion. There was no fever, leueocytosis or pericardi.al 
friction rub. His blood pressure rose after the attack to 225/135. He continued, 
however, to have repeated attacks of precordial pain, frequently was covered with 
sweat, and was extremety weak. Finallj’’ on the forty-sixth day in the hospital he 
had a severe attack and died. Some gastrointestinal symptoms and findings were 
present but were not pertinent to the present con.sideration of the case. He was 
thought to have hypertension, chronic myocarditis and coronary occlusion plus a 
syphilitic aortitis with aneurysm. 

At autopsy surprisingly enough there was neither a dilated aoj-ta nor a coronary 
occlusion. The aorta measured 7 cm. in circumference just above the valves, and 
just proximal to the right innominate artery 6.5 cm. in circumference. Its elasticity 
was extremelj' well preserved. The proximal aorta was essentially negative, except 
for a few small atheromatous patches. The heart was greatly enlarged, weighing 
520 gm. There were no valve lesions. There were no areas of myocardial fibrosis 
or softening. There was a generalized mottling with alternating areas of reddish 
brown and pale brown colors. Tliere was myocardial hypertropliy most marked in 
the left ventricle. The coronaries were of large caliber, patent throughout and 
grossly showed little evidence of disease. Other features of the gross pathology 
need not be described in detail. Suffice it to say, there was a chronic i^rogressive 
vascular nephritis, acute hemorrhagic colitis, hypoplasia of the thyroid, mesenteric 
lymphadenitis, pleural adhesions and phleboliths in the prostatic venous ple.xus. 
The most significant feature of the microscopic study was the remai-kable character 
of the vascular lesions. Vessels of the various tissues showed essentially the same 
picture. There was marked degeneration of the intima and media of small aterioles 
to medium-sized and small arteries. There rvas in addition to the degeneration an 
inflammatory cell infiltration and a hyperplastic response. Some vessels showed 
hyalinization of the media with early evidence of degeneration. These lesions were 
not diagnostic of a syphilitic peripheral arteritis though suggestive. A detailed 
consideration of these remarkable lesions is not the province of the present study. 
Microscopicall.y the aorta showed some thickening of the intima with some degenera- 
tive changes. There was a slight bluish stain throughout the media. The structural 
relations were, however, well maintained. There was no evidence of syphilis. Elastic 
tissue stains showed an abundance of normal elastic tissue. 

This patient did not ha.ve a perfectly normal aorta and there was a 
liistory of syphilis. He is nevertheless presented as a ease of dynamic 
dilatation because the slight pathological lesions found at autopsy were 
in an aorta of normal size and yet there was unciuestionable dilatation 
before deatli. An explanation of the electrocardiographic changes is 
not essential to the present repoi’t. It seems highly probable, lioAvevcr, 
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that even in the absence of a major focal coronaiy thrombosis there was 
such marked disease of the small vessels as to produce a widespread 
anoxemia of the heart muscle which would alter the electrocardiographic 
picture. 

How can this case be explained and how often does the aorta dilate 
to abnormal proportions because of pressure changes? The literature 
contains relatively few references to dynamic dilatation. Some authors 
feel, as does Wilson,^ that “It is doubtful if a state of so-called dynamic 
dilatation ever occurs in a perfectly normal aorta no matter what the 
blood pressure is.” Bayley- has recently studied the subject and finds 
that the conditions in which djmamic dilatation is most often described 
are aortic insufficiency of rheumatic origin, chronic nephritis with hyper- 
tension, hyperthyroidism and cardiac neurosis. He reports three cases 
in which a dilatation of the thoracic aorta demonstrated by x-ray ex- 
amination was considered as ' ' djuiamic ’ ’ because organic causes such as 
syphilis and arteriosclerosis were not jircsent. To the above mentioned 
conditions in which dynamic dilatation is likely to occur we would add 
stenosis of the aorta, especially that form of congenital stenosis of the 
aorta found with coarctation of the aorta. 

From the case records of the Peter Bent Brigham Plospital we have 
studied the x-ray and clinical features of a number of cases in which 
dynamic dilatation seemed likely to occur. These will be considered in 
five groups. In considering the whole problem the question at once 
arises as to just what are the upper limits of measurements for the 
normal aorta. The limits, of course, vary widely at different ages, and 
in the last analysis the general impression of the roentgenologist of a 
given case is probably of more value than are actual measurements com- 
pared with a thcoi’etical normal. Our interpretation of whether or not 
a given aorta is dilated may not conform to the cxiteria of others, but 
throughout the study the same criteria have been used and findings in 
the different groups are comparable. We have considered an aoi’ta 
dilated when in fluoroscopy it appeared definitely so in the oblique view 
or when the transverse measurement in the posteroanterior view of the 
7-foot plate exceeds 6 cm. Measurements in the oblique view were not 
often available. In none of these patients was dilatation of the aoida 
sufficient to produce the murmur of aortic insufficiency; in the group of 
aortic insufficiency of rheumatic origin there was an aortic insufficiency 
of organic valve origin. 

GROUP l. AORTIC INSUFFICIENCY OF RHEUMATIC ORIGIN 

In this group of 39 patients all were under thirty years of age. The 
average age was 19.1 years. This factor largely eliminates arterio- 
sclerosis as a cause of aortic disease. We may assume that arteriosclero- 
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sis sufficient to cause gross alteration in aortic contoiu’ rai’elj^ occurs 
before the age of forty years. In this group, as in each of the others, 
all cases in which there was any suggestion of sj^philis have been ex- 
cluded. The average systolic blood pressure, as seen in Table I, was 
129.6 mm. Hg, the average diastolic pressure 44.9 mm. Hg, and the aver- 
age pulse pressure 84.9 mm. Hg. Dilatation of the aorta was recorded 
in 25.6 per cent, and the aorta was described as tortuous in 2.5 per cent. 
An effort to compare these figures with those of other observers shows 
that such studies have not been fi’eciuentl}^ done. Vaquez and Bordet,® 
in one of the best early books on roentgenography of the heart, state that 
in aortic insufficiency there is a dilatation of the aorta at its origin from 
the valvular ring to the level of the arch where it resumes its normal 
caliber. Wiggers^ refers to an increase in the aortic shadow in aortic 
insufficiency. White® states that the active oscillations of pressure as- 
sociated with aortic insufficienej’- may give rise to verj’- mai'ked pulsa- 
tion in the aorta with considerable dilatation and prominence of the 
aoida during systole but with a collapse to nearly normal caliber during 
diastole. Bayley® found dilatation of the aorta in 8.4 per cent of his 
cases. Scott® mentions the frequent occurrence of dilatation in aortic 
insufficiency, especially in cases where there is a high systolic pressure 
and a low diastolic pressure. Holmes,^ on the other hand, foiuid a nor- 
mal aortic shadow in all of 15 cases. There is then a rather wide varia- 
tion of opinion. 

In those cases of our series showing dilatation the average systolic 
blood pressure was 145.2 mm. Hg, the average diastolic pressiire 40.6 mm. 
Hg, and the average pulse pressure 104.6 him. Hg. That is to say, those 
with dilatation in contrast to those without dilatation of the aorta had a 
considerably higher systolic and pulse pressure and about the same dias- 
tolic pressure. Clearly then there was much more tension on those that 
showed dilatation. Were these aortas diseased also? Many obsorvei’s 
have described lesions of the aorta as a result of rheumatic fever. These 
have chiefly been acute processes. Sir Clifford Albutt® states that the 
dilatation which oecius in rheumatic and other forms of aortitis than 
sypliilitie usually subsides as the disease becomes inactive. Our pa- 
tients were not in the acute phase of the disease. Deutseh® has empha- 
sized that aortic disease due to rheumatic fever and other infections 
is not uncommon. Unfortunately, we do not have autopsy material in 
the present series and cannot say with certainty that no disease was 
present in the aorta. Certainly, however, our general experience indi- 
cates that in young people coming to necropsy with rheumatic heart 
disease demonstrable structural disease of the aorta is not often found. 
Functionally the aoi’ta may be impaired. 
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GROUP II. HYPERTENSION AND CHRONIC NEPHRITIS WITH HYPERTENSION 

In tMs group there were 21 patients with an average age of 25.5 years. 
All were under thirty-five years of age. The average systolic pressure 
was 202.4 mm. Hg, the average diastolic pressure 130.9 mm. Hg, and 
the average pulse pressure 72.4 mm. Hg. In 42.8 per cent the aorta 
was dilated, and in 14.6 per cent it was descrilied as tortuous. Here 
again we find that there are few comparable studies in the literature. 
Albutt quotes Hart’s^® description of plethoric people whose heart is 
both enlarged and dilated and whose aorta displays marked distensi- 
bility and increased capacity, though it is normal and the increased 
capacity is not at the expense of loss of resiliencjL Sheldon^’^ reported 
marked dilatation of tlie aorta by x-ray examination in a boj^ aged ten 
and a half years who had chronic nejihritis and a blood pressure of 
210/155 mm. Hg. Post-mortem study showed the aorta entirely normal 
in size. He regarded the dilatation as a direct mechanical consequence 
of the increased pressure, the increased pressure being maintained 
throughout diastole. Evans^- in a study of arteriosclerosis in children 
reports one case that had such dilatation of the aorta as to produce 
pulsation suggesting aneurysm. No x-ray films were taken. The boy, 
aged fourteen years, had chronic nephritis and a blood pressure of 
260/200 mm. Hg. At autopsy the aorta was not dilated. In 14 cases 
of chronic nephritis and hypertension in adults Smith and Kilgore^® 
found x-ray evidence of a dilated aorta in all but 3 cases. They con- 
sidered the upper limits of normal as 4.5 to 5.5 cm. and classed as 
dilated all eases with transverse measurements exceeding 6 cm. Con- 
trary to what one might have expected, those patients showing measure- 
ments of 7 to 9 cm. were younger than those with measurements of 6 to 
7 cm. This quite naturally suggested to them that when hypertension 
supervenes on an aorta already somewhat stiffened by age, it does not 
stretch as easily as a younger one would. Autopsies were not done in 
their series. Holmes'^ states that diffuse dilatation of the aorta is not 
an unusual finding in hypertension, and White® mentions the fact that 
some of the dilatation seen by the roentgen examination in hyperten- 
sion is not found at post-mortem since it is temporary and depends upon 
the intra-aortic hydrodynamic state. Strangely enough although WilsoiP 
did not find at autopsy the degree of dilatation evidenced on the x-ray 
screen in 2 of his cases of hypertension, yet he concluded that djniamic 
dilatation does not occur. 

In regard to the present series the assumption seems justified that 
the dilatation which was demonstrated was due to the pressure alone 
because other reasonable causes were not present. We cannot say 
whether or not the persistent high tension may have exceeded the elastic 
limit of the aorta and resulted in real dilatation which could have been 
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demonstrated at autopsy. Even if sucli had been the case, the aorta 
probably would have appeared structurallj' normal under the micro- 
scope. Punetionalb^ it would not be normal. 

GROUP HI. HYPERTHYROIDISM 

This group is small. It consists of 26 patients, none of whom was 
over forty years of age. The average age ivas 29.6 years, the average 
sj'stolic blood pressure 133 mm. Hg, the average diastolic pressure 
64.4 mm. Hg, and the average pulse pressiu’e 68.1 mm. Hg. The 
avei’age increase in metabolic rate Avas -t5S per cent. Only 4 cases, 15.3 
per cent, showed a dilated aorta and none of tlie aortas Avas described 
as tortuous. Bayley- found dilatation in 12.1 per cent of 263 cases. 
His is a more representative series. Analysis of tlie present group sIioavs 
that the blood pressure readings AA'erc not definitely abnormal; therefore 
no veiy high incidence of dilatation of the aorta could be expected. 

GROUP IV. CARDIAC NEUROSES 

This group consists of 15 patients, Avitli an average age of 28.6 years. 
All patients over forty years of age Avere excluded. The blood pressure 
ranges Avere quite normal. The aA^erage systolic pressure Avas 120.5 mm. 
Hg, the average diastolic pressure 71.5 mm. Hg, and the average pulse 
pressure 49 mm. Hg. Only one case had a dilated aorta. Bayley^ found 
dilatation in 9 per cent of 31 cases of cardiac neurosis. We have found 
onlj'- one other reference to the occurrence of a dilated aorta in neuroses. 
Norris^^ describes paroxysms of dilatation of the abdominal aorta Avhich 
occur chieflj'’ in neurasthenic Avomen Avith ptosis. During such attacks 
there is a marked localized pulsation of the abdominal aorta, simulating 
aneurysm. Attacks are said to begin and end suddenly. 

GROUP A’'. CONGENITAL STENOSIS OF THE AORTA 

This group consists of 4 cases of coarctation of the aorta and one of 
subaortic stenosis. No patient Avas over forty years of age. The average 
age Avas 30.4 years. The aAmrago s.A'stolic pressure Avas 168 mm. Hg, the 
average diastolic 99.6 mm. Hg, and the aA'crage pidse pressure 70.8 mm. 
Hg. Four cases shoAved Avidening of the aortic or supracardiac .shadoAV. 
Vaquez and BordeF believe that the dilatation of the aorta in con- 
genital aortic stenosis is to be explained in the same Avay as the dilata- 
tion of the pulmonaiy artery in eases of congenital stenosis and that i1 
is dAie to a functional distention so that it may be perceptible during 
life but not found after death. They also found dilatation beyond the 
point of stenosis. Of our 5 eases only one came to autopsy. The patient 
AA'ith subaortic .stenosis, aged forty years, had a definitely Andened and 
tortuous aorta by x-ray examination, and yet at post-mortem the aortic 
arch measured only 6 cm. in circumference and there Avas no evidence 
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of dilatation. In the other eases we have no reason to snspeet aortic 
disease and must therefore assume that the dilatation results from in- 
creased pressure. Certainly the conditions for producing a functional 
dilatation are ideal in these eases. That is to say, there is throughout 
life an increased pressure. 


Table I 

No Patient.s Over Portv Years op Age 


GROUPS 

NO. or 

CASES 

AVERAGE 

AGE 

SYSTOLIC 

PUESSLTIE 

DIASTOLIC 

PRESSURE 

PULSE 

PRESSURE 

PER CENT 

or CASES 

DILATED 

Aortic insirfficiency 

39 

19.1 

129.6 

44.9 

84.9 

25.6 

Hypertension 

21 

25..5 

202.4 

130.9 

72.4 

42.8 

Cardiac neuroses 

15 

28.6 

120.5 

71.5 

49.0 

6.6 

Congenital stenosis of aorta H 

30.4 

168.0 

99.6 

70.8 

80.0 

Hyperthyroidism 

2G 

29.6 

133.0 

64.4 

68.1 

13.5 


DISCUSSION 

From a review of the literature it becomes apparent that, though 
isolated eases of dynamic dilatation of the thoracic aorta have been 
noted and a number of authors have casually mentioned its occurrence, 
aside from the work of Bayley and of Smith and Kilgore, no one has 
focused attention upon it as being relatively common. The present 
study indicates its rather frequent occurrence in aortic insufficiency of 
rheumatic heart disease, hypertension, and congenital stenosis of the 
aorta and a slightly less frequent occurrence in hyperthyroidism. In 
the hypertensive group the elevated pressures in a young individual with 
an elastic aorta offer the ideal condition for the development of a 
functional dilatation. In the group of congenital stenosis of the aorta 
tlic systolic, diastolic and pulse pressure, though all elevated, are not 
so high as in the hypertensives. However, the great duration of the 
process more than olfsets the pressure differences, and dilatation is the 
rule rather than the exception. In the cases of aortic insufficiency and 
in hyperthyroidism somewhat comparable blood pressures are observed, 
the chief feature being a. high pulse pressure. Though the present 
study indicates the frequent incidence of dilatation in both groups, it is 
more common in the aortic insufficiency cases. This is probably due to 
the younger ages in that group aud to the higlier pulse pressures. We 
find no evidence that dynamic dilatation is common in cardiac neuroses. 
We look upon dynamic dilatation as a purely mechanical process and 
assume that there are two factors balanced against one another, namely, 
the elasticity of the aorta and the intra-aortic pressures. Since we do 
not consider that elastic tissue has any neurogenic control, it could not 
be influenced by neurogenic factors. 

In order to visualize what takes place iu dynamic dilatation of the 
aorta let us assume in a given case a. normal aorta in a young individual 
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with a nomal blood pressure. Suppose tlic pulse pressure is at once 
increased from 50 mm. Pig- to SO mm. IPg. The aorta, being ela.stic, 
yields to the first systolic thrust, but during diastole it will retimi to 
its original size unless one of two things occurs. The tension of the 
initial thrust may exceed the elastic limit of tlie aorta and the vessel 
then will not recoil to its nomial size. Thereafter it will always be 
somewhat dilated, and this dilatation will be demonstrable at autopsy. 
It is doubtful if this ever happens, for Plerringham and Wills^= showed 
that all aortas when placed in saline for five minutes after they had 
been stretched with weights up to 200 gm. returned to their original 
size and therefore are almost perfectly elastic. The other possibility in 
eases of a high pulse pressure is that although the aorta may be per- 
fectly elastic, its elastic limit having not been exceeded, its rate of recoil 
may be slow and a second systolic thnist strike it before it has re- 
turned to a state of rest after the first. The resulting bomliardment of 
one systolic thrust upon another keeps the aorta dilated, though if the 
vessel were given a rest it v'ould resume its former caliber which on 
pathological examination it is found to have. The speed of recoil de- 
pends upon the quality of the aorta. This we cannot avcII evaluate from 
a pathological study of structure. It is, in general, undoubtedly time 
that an abundance of clastic tissue represents a highly clastic aorta, but 
the presence of tissue that takes the stain for clastic tissue does not 
prove its functional character. It has been shown by various observers 
that elastic tissue varies widely in functioning power. Tliough we com- 
monly look upon elastic tissue as an inert substance that responds to 
distortion according to pure physical principles, it is apparently true 
that elastic tissue is subject to fatigue. It is easy enough to visualize 
what happens when an elevation of pressure including the diastolic 
pressure occurs. Every aorta regardless of its quality, though to vary- 
ing degrees, must yield when the diastolic pressure rises. The degree of 
dilatation will depend upon the quality of the elastic substance of the 
aorta. We do not Imow Avhat factors alter the quality of elastic tissue. 
Perhaps it is influenced by heredity, or perhaps it may be altered by 
acute infections which, however, leave no structural evidence of damage. 

In the case report given above we found an aorta which, though it was 
the site of disease, had not lost its elasticity. It was therefore dilated 
because it was continuously under a iiressure of at least 135 to 150 mm. 
Hg diastolic and also was subjected to repeated thrusts of a pulse pres- 
sure of about 100 mm. Hg. 

SUMMARY 

1. A review of the literature shows veiy few references to dynamic 
dilatation of the aorta, a condition which the present study indicates 
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is not an uncommon occurrence. It is most common in aortic insuf- 
ficiency, hypertension, hyperthyroidism, and congenital stenosis of the 
aorta. 

2. A case is reported in which marked dilatation of the aorta demon- 
strable by x-ray examination was not found at pathological exam- 
ination. 
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AN ELECTROCARDIOGRAPHIC STUDY OP VISCEROCARDIAC 
REFLEXES DURING MAJOR OPERATIONS^' 

C. C. Maher, M.D., P. J. Crittendeh, Ph.D., and P. P. Shapiro, M.D. 

Chicago, Ilh. 

•^HE subject of visceroeardiae reflexes during and after major 
operations lias been investigated hy others, and a review of their 
woi*k is given bj^ OwenJ The data herein reported are a continuance 
of the work of Owen,’^ and of Crittenden and Ivy.= 

PROCEDURE 

The electrodes used in uiaking tliese elcetrocardiographie observations were skin 
suture needles about four inches long. They Avere placed subcutaneously in the 
second or third, and fifth and sixth intercostal spaces on the left side near the 
inidline. This ruled out many of the somatic tremors ivliich are marked ivith 
the ordinary skin contact electrode. Eessingem used this type of electrode in his 
investigation. 

The control electrocardiogram was usually taken the night before the opera- 
tion. When the operating schedule offered an emergency case or one of special 
interest, the control was taken from one-half to one hour prior to the anesthesia. 

Electrocardiograms ivere made at various intervals during anesthesia and the 
operath’e procedures, and also from four to six hours postoperativcly. Additional 
electrocardiograms ivere usually made the next day and also one Aveek later. 

The progress of the operations AA-as observed by one of us aa'Iio signalled the op- 
erator of the electrocardiograph Avhen to take an electrocardiogram. The surgeons 
cooperated in s.Amchronizing manipulations likely to give A'iscerocardiac reflexes Avith 
the taking of the electrocardiograms. 


TYPES OP CASES 


Eighty-nine cases were studied. The type of cases A’aried. Thej' included; 
cholecystectomy, 16 patients; aiApendcctomy, 9; gastric resection, 7; cholecystectomy 
and appendectomy, 4; herniotomy, 5; hemorrhoidectomy, 4; uterine fibromyomec- 
tomy, 3; hysterectomy, 4; hydrocele, 3; colostomy, 3; thyroidectomy, 3; salpingec- 
tomy, 2; exidoratory laparotomy, 2; choleci’stotomy, 3; perineorrhaphy, 1; entero- 
anastomosis, 1 ; nephrectomy, 1 ; thoracoplasty, 1 ; A’aginal fistula, 1 ; salpingectomj’ 
and appendectomy, 1 ; cesarean section, 1 ; cyst of the broad ligament, 1 ; ovarian 
carcinoma, 1; ovarian cyst, 1; uterine suspension, 1; Amginal plastic, 1; tuberculous 
peritonitis, 1; generalized carcinomatosis, 1; lumbar sympathectomy, 1; ulnar 
neurolysis, 1; radial neurolysis, 1; incision of cellulitis, 1; normal deliveries, 3. 

In the early part of the work a general suiu'ey Avas made of as many different 
types of operations as could be utilized. Later it seemed that visceroeardiae. 
reflexes might be obtained best from the upper abdominal operations. Special 
effort AAms made to find cases AA'ith such complications as jaundice, pancreatitis or 
previous cardiac disease. Previous Avork demonstrated that these conditions were 
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likely to sensitize the viscerocardiae reflex niediaiiism. The eases studied included 
fiftj'-foiir women and thirty-five men. Their ages varied from twelve to seventy- 
three jTars. 

ANESTHESIA 

Various types of anesthetics were used: ether, 58 patients; ether uith nitrous 
oxide induction, 12; nitrous oxide only, 6; nitrous oxide and local anesthesia, 2; 
local anesthesia, 3; spinal anesthesia, 3; peridural anesthesia, 1; avertin, 1. Two 
of the deliveries were conducted without anesthesia. 

RESULTS 

P-Wave . — Tlie most outstaiicliiig electrocardiographic observation 
made during the entire series was the P-wave change which occurred 
witli the patient under deep ether anesthesia. The P-waves would 
disappear with the assumption of nodal rhythm and evidence of retro- 
grade conduction in the auricles. This occurred in twenty-eight of 
the fifty-eight straight ether eases, and in four of the twelve nitrous 
oxide ether cases. In the latter, nodal rhjfihm appeared only after 
the patient was under deep ether anesthesia. With two exceptions, it 
never appeared in the eases using nitrous oxide only, nor in the 
avei'tin, spinal, peridural or local anesthesia cases. These exceptions 
occurred in one case under spinal and in one under nitrous oxide 
novocain anesthesia. 

Besides these nodal rhythm cases, seven patients showed a shorten- 
ing of the P-R interval without actually going over into nodal rhythm. 
In four of these cases there was a decrease of from 0.03 to 0.04 second 
when the patient was brought under deep ether anesthesia. In two 
cases the P-R abbreviation occurred later in the operative procedure. 
In one ease a decrease of 0.03 second was specificallj^ noted with 
dilatation of the rectum, but at this point also the anesthesia was 
deepened bj’' the patient’s increased respirations. 

Other changes noted in the P-waves were that they became de- 
pressed during deep ether anesthesia without going into nodal rhythm 
(two cases). They became diphasic in two cases under deep ether 
anesthesia. In one case they became larger in the second stage of 
anesthesia, only to disappear in the third. In one thyrotoxic case, 
the T- and P-waves were jiraetically fused. This fusion became more 
marked as the tachycardia increased during the anesthesia, and was 
probably only a result of the increased heart rate. The P-wave was 
negative in one case for two hours after the operation, and then posi- 
tive. In one case it was present, but decreased in size for six hours 
after operation, and then returned to normal size. In one case the 
P-R interval was increased by 0.06 second during the operation. In 
one case an increase of 0.04 second Avas noted one iveek after operation. 

Voltage . — Certain Amltage changes Avere found. They appeared in the 
excitement stage of anesthetic induction, or udien the patient Avas 
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straining on tlie operation table, and sometimes during operative pro 
cedures. An increase in voltage was seen in one case when the pylorus 
was crushed and the stomach pulled down for resection. It was seen 
once when the gall bladder was being pulled up, once during palpa- 
tion of a carcinomatous stomach. A decrease in voltage was also seen 
once when the appendix was being ligated, and once when the rectum 
was being dilated. The reaction was absent many times, however, 
when the surgeon, with specific force, pulled on the stomach, gall 
bladder, appendix, thyroid, hernial sac, uterus, hemorrhoid or ad- 
hesions, or explored the abdomen. 

QBS Complexes . — QES changes occurred in fifteen patients having 
ether, or ether with nitrous oxide induction, and in one patient under 
avertin. In one patient who was slightly jaundiced the E-wave was 
decreased 2 mm. during anesthesia and operative procedure but was 
increased 2 to 4 mm. postoperativeljL In one ease the S-wave deep- 
ened during the exeitatoiy phase of the anesthesia. Dilation of the 
rectum caused a' diphasic complex in another. In one case there was 
a mild but definite slurring of the QES toward the end of the opera- 
tion. In another, the QES became widened and notched while the 
gall bladder bed was being packed. In one ease (thoracoplasty under 
avertin) the QES became widened and slurred after the patient “went 
bad" on the table. A week postoperatively in one hydrocele case, the 
wave was slurred and notched, indicating a myocardial disturbance. 
Postoperatively in one case the QES complex was depressed the day 
after operation; in another case it increased one week later. 

T-Wave . — Anesthetic induction depressed the T-waves in seven cases; 
in four of these they remained deiiressed throughout the entire opera- 
tive procedure. In one case the T-ivaves showed some inversion dur- 
ing deep nitrous oxide anesthesia. They stayed flat through the ether 
administration and operation, but became upright again when the 
peritoneum was being closed. During anesthetic induction the waves 
increased in two other cases, disappeared in two and became more 
pointed in one. 

The waves vanished in four cases only late in the operative pro- 
cedure. They were seen to disapiiear with palpation of a carcinomatous 
mass, manipulation of the duodenum, jiulling on a hernial sac, placing 
an appendiceal purse string, etc., but the association was neither con- 
stant nor specific. Occasionally they became inverted and sometimes 
diphasic. Postoperatively the wave became markedly decreased in 
two cases, absent in one, and negative in two. 

Bates . — The changes in rates were taken as diffei'ences from the im- 
mediately preceding rate rather than from that of the control. In one 
thyrotoxic case, the control rate was 190 resembling an auricular flut- 
ter with 1 :1 ratio. The rates were usually increased with anesthetic 



MAHER ET AL. : VISCERO CARDIAC REPEEXES IN MAJOR OPERATIONS 667 


induction, fluctuated irregularly with various operative maneuvers, 
and became normal soon after tbe comiiletion of tlie operation. 

Thirty-one cases slioived an increase of from twenty to eighty beats 
per minute with anesthetic induction. Four showed a decrease of 
from flfteen to twenty-flve during early anesthesia. In two eases 
under nitrous oxide, the rate was increased twenty and forty-five, to 
be decreased later by ether, sixty and forty-five respectWely. One 
case showed a gradual increase of thirty-five during anesthesia and 
operative procedure. In one ease there was a consistent tachycardia 
throughout. The following changes occurred at various intervals 
during operative procedure. Pulling on the gall bladder decreased 
the rate forty-five beats iier minute in two eases and twenty-five in 
another. Cutting the skin was associated with an increase of forty 
in one ease and cutting the peritoneum with an increase of fifty in 
another ; the latter procedure caused a decrease of thirty and fifty-five 
in two other eases. In an appendeetoni5>-, traction on the mesentery of 
the appendix caused a decrease of sevent3’'-five. In a herniotomj'', trac- 
tion on the sac caused an increase of thirty-five. 

Extrasystoles . — Auricular extras3''stoles occurred in five cases, ven- 
tricular extrasystoles in four cases and nodal extra sj^stoles in two. In 
two other cases there were both auricular and ventricular extrasystoles. 
The auricular extrasy stoles began in one cholecystotomy case while 
the skin incision was being made and disappeared when the gall stone 
was removed. Thej'- appeared again when the peritoneum was being 
closed. They appeared also during incision of a hernial sac, pulling 
on an omentum, during clamping of hemorrhoids and packing a gall 
bladder bed. They were also seen, however, without operative stimuli, 
e.g., during the excitatory stage of anesthesia, and again one day post- 
op eratively. 

The ventricular extrasj^stoles appeared during palpation of a car- 
cinomatous mass, during clamping of hemorrhoids, closing of the 
peritoneum, pulling on a hernial sac, and packing of a gaU bladder bed. 
They were also seen, however, during anesthetic induction. In two 
cases, extrasystoles of ventricular origin were present in the controls, 
during anesthesia induction and postoperatively, but were absent dur- 
ing the operative procedure. 

In a thyroidectomy under nitrous oxide, one nodal extrasystole ap- 
peared during early anesthesia. In a cholecystectomy under ether, 
interpolated beats of nodal origin appeared when the cystic duct was 
being cut. 

ABNORMAL BEATS 

All these electrocardiographic abnormalities were of such different 
character and occurred at such various intervals that a brief protocol 
on each patient seems desirable. 
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Case ]. — Appenclcctoiny-eholeej-stectomy. Ether. The patient was slightly 
,iaundiced at the time of the operation. Tlic E voltage was lowered about 2 mm. 
during anesthesia and operative procedure, increasing 2 to 4 mm. postoperatively. 
During the operative procedure the T-wavc was depressed and a sinus arrhythmia 
was noted. 

Case 6. — Cliolecj'stectomy. Ether. During the operative procedure the QES had 
a phasic variation, and the T-wave was flattened. The skin incision caused a new 
auricular comple.v which persisted until the removal of the gall stone. A similar 
change Avas noted when the peritoneum was sutured. 

Case 8. — Colostom}-. Carcinoma of the rectum. Ether. The sino-auricular node 
was depressed throughout the operative procedure. The T-wave was depressed dur- 
ing anesthesia induction and the operative procedure. 

Case 10. — Appendectomy. Etlier. The T-wavc Avas depressed throughout the 
operative procedure and slorvly returned to normal lAostoperatively. It was again 
depressed on the fifth daj- and Avas absent tAvo Aveeks later. Cutting the peritoneum 
caused a depression of the sino-auricular node Avhich A\’as still depressed fiA'e days 
later. 

Case 13. — Cholocystotomy. Ether. The E A'oltagc was markedly decreased the 
first day postoperativelj-, and the T-aa-ua’c AA-as depressed during the operath-e pro- 
cedure. The sino-auricular node Avas markedly depressed during anesthesia. There 
Avas a mass in the region of the duodenum, the palpation of AA-hich caused an ex- 
trasystole of A’entrieular origin. 

Case 1C, — Herniotomy. Ether. The T-AA’aA’c disappeared witli tension on the 
hernial sac, and there Avere also oxtrasystoles of auricular origin during the in- 
cision of the hernial sac. Hodal rhythm AA-as jAi-esent during the “painting" of 
the skin. 

Case IS. — Hemorrhoidectomy. Light nitrous oxide. Tlie T-aa-ua-c became nega- 
tive during the operatiA-c procedure and also persisted postoperatively. Extra- 
systoles of auricular and ventricular origin Avcrc noted AA-ith clamping of the hem- 
orrhoids. Dilating the rectal sphincter caused marked somatic tremors. 

Case 19. — Benign rectal tumor. Ether. The T-Avave became absent during the 
operative procedure and iiegative postoperatively. The skin incision caused a com- 
plete aurieuloA-entricular disassoeiation. When the fascia Avas reached sinus rhythm 
had returned. 

Case 22. — Hj-sterectomy. Ether. There AA-as a slight variation in the QES 
voltage with the operative procedure. Ventricular extrasystoles, three in sequence, 
folloAA-ed by a nodal beat, occurred AA'itli the sewing of the peritoneum. 

Case 27. — Pibromyomatous uterus. Ether Avith nitrous oxide induction. Early 
anesthesia decreased the P-E interval 0.04 second, and there Avas also a sino-auricular 
block AA-hich disappeared in later anesthesia. 

Case 28.— Uterine suspension. Ether. The QES complex was depressed after 
anesthesia, and the T-Avave was depressed during tlie operative procedure and post- 
operatively. There Avas retrograde conduction and nodal rhj-thm AA-ith pulling on the 
round ligament and tube, shoAA-ing simultaneous auricular and ventriculai conduc 
tion. This lasted for seA-eral minutes A\-hen sinus rhythm again appeared. 

Case 29. — Strangulated hernia. Ether AA-ith nitrous oxide induction. There A\ere 
extrasystoles of A-entricular origin AA-ith pulling on the hernial sac and strangulated 
omentum. The auricular complex changed in character for three successive beats 
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after each extrasystole. Extrasystoles occurred at various times during the ojpera- 
tive procedure. These changes were not noted with the control anesthetic induction 
or postoperatively. 

Case 31. — 'Appendectomy. Cholecystectomy. Ether. The QK>S was notched in 
the control^ hut this was more apparent after the anesthesia was administered. There 
was nodal rhythm early in the operative procedure with a rate of CO. Clamping 
the appendix caused a return to sinus rhythm. 

Case 34. — Inoperable gastric carcinoma. Ether. The T-wave became flattened 
with anesthesia and remained so throughout the operative procedure. There was 
a change from sino-auricular to nodal rhythm. 

Case 36. — Hemorrhoids. Nitrous oxide with some ether. The P-wave became 
negative with clamping of the hemorrhoids and with packing. There were extra- 
systoles of auricular origin with dilation of the sphincter and clamping of the hemor- 
rhoids. Ventricular escape occurred during the exploration of the rectum. 

Case 37. — Cholecystectomy and appendectomy. Ether. The T-wave was flat- 
tened postoperatively and became im^erted six hours after the operation. During 
early anesthesia there was ventricular escape with a retiirn to sinus rhythm which 
occurred twice in a short period of time. 

Case 39. — Cholecystectomy. Ether. Ventricular escape and nodal rhythm was 
observed when the gall bladder was under tension, and with clamping of the cystic 
duct. 

Case 42. — Cholecystectomy. Ether. In some instances during the operative 
procedure there was a retrograde conduction with nodal rhythm. 

Case 43. — Cholecystectomy. Ether. The T-wave showed some slight variation in 
voltage during the operative procedure. There was a complete block or ventricular 
escape while the peritoneum was being cut. 

Case 44. — Hydrocele. Ether. QRS complex was notched and slurred one week 
later showing myocardial disturbance. 

Case 45. — Gastric carcinoma. Ether. The T-wave disappeared with manipula- 
tion of the duodenum. There were extrasystoles of auricular origin with excitement 
during anesthetic induction, clamping of the blood vessels, and cutting of the 
fascia. There Avere also extrasystoles of ventricular origin during the first two pro- 
cedures noted above. 

I 

Case 47. — Cholecystectomy. Appendectomy. Ether. The P-wave became smaller 
during the operative procedure. The P-E inteiwal lengthened 0.04-0.06 second during 
the operative procedure. The S voltage likcAvise increased. The first day, post- 
operatively, there Avas an extrasystole of auricular origin. 

Case 48. — Appendectomy. Procaine and nitrous oxide later, just after completion 
of incision and before locating the appendix. In early nitrous oxide anesthesia, 
the T-wave Avas absent. Ligation of the apj)endix caused it to become small, and 
while the purse string Avas being placed, it became negative or diphasic. It Avas 
negative Avith cutting the appendix and persisted postoperatively one Aveek later. 
The placing of the purse string caused ventricular escape, and nodal rhythm super- 
vened. Cutting the appendix changed the auricular complex. The P-Avave became 
small in size and disappeared, Avith inversion for four beats, and then returned to 
normal. 
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Case 49. — Fibromyomatous uterus. Ether. In early anesthesia the T-wave was 
inverted and diphasic vrith manipulation of the uterus. In exploration of the lower 
abdomen there was ventricular escape with supervention of nodal rhythm, and retro- 
grade conduction was readily demonstrated. 

Case 57. — ^Appendectomy. Ether. A case of rheumatic heart disease. A mild 
waviness of the base line was suggestive of fibrillation of the auricle. The P-waves 
disappeared under ether. 

Case 5S. — Thyroidectomy. Nitrous oxide. The control showed a very rapid rate 
of 190, which resembled an auricular flutter with a 1:1 ratio. There was one nodal 
extrasystole during earlj' anesthesia. 

Case 59. — Cecostomy. Ether. During the early operative procedure the T-waves 
became more prominent. Later thej' were diphasic, and by the end of the operative 
procedure there occurred a definite but mild slurring of the QES. 

Case 60. — ^Exploratory laparotomy. Nitrous oxide and ether. P-waves disap- 
peared during deep ether. They returned later. Some flattening of the T-wave was 
noted during the latter part of the operation. 

Case 62. — Salpingectomy. Ether. During the course of the operation, P-waves 
became lower and T-waves slightly higher. 

Case 70. — Appendectomy. Nitrous oxide and ether. During deep nitrous oxide 
anesthesia, the T-waves showed some inversion and remained flattened through the 
ether anesthesia. They became upright, however, while the peritoneimi was being 
closed, and the ether was still being given. 

Case 71. — Hysterectomy. Ether. Under deep anesthesia, the P-wave disappeared. 
It reappeared momentarily while the patient was changed to the Trendelenburg 
position. It disappeared when the ether was deepened for skin incision. It reap- 
peared for a minute during the last stages of the operation only to disappear again 
until the ether was lightened. 

Case 72. — Hysterectomy. Ether. Nodal rhythm a2jpeared for a brief interval 
toward the end of the operative procedure. 

Case 77. — Gastric resection. Ether. The rate slowed to SO, and the voltage in- 
creased after the pylorus was crushed and the stomach pulled out for resection. 

Case 79. — ^Perineorrhaphy. Ether. Nodal rhythm appeared as soon as the patient 
was under deep ether anesthesia. 

Case 82. — Cholecystectomy. Nitrous oxide and ether. On packing the gall bladder 
bed, QBS widened and became notched. The height of T-wave increased and the 
auricular complex disappeared. Ventricular rhythm was disturbed by probable 
extrasystoles. 

Case 83. — Choleeystectomj'. Ether. Nodal rhythm began as soon as the patient 
was under deep ether anesthesia. It was associated with a mild increase in voltage. 

Case 85. — Thyroidectomy. Nitrous oxide. T-waves and P-waves were practically 
fused in the controls. This fusing became more marked as the rate increased during 
the anesthesia. Marked tachycardia (140) developed as the incision was being closed. 

Case 87. — Thoracoplasty. Avertin. The patient “went bad” on the table. At 
this point the QBS widened and slurred, and a marked tachycardia developed. 

Case 89. — Cholecystectomy. Ether. The P-wave was enlarged under moderate 
ether anesthesia but disappeared under deep ether anesthesia. It reappeared durmg 
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tlie early operative procedures, but disappeared when the ether was deepened in the 
later stages of the operation. At this point also, namely when the cystic duct was 
being cut, interpolated beats of nodal origin appeared. 

Case 90. — Cholecystectomy. Ether. Under deep ether anesthesia the P-waves 
became diphasic. In several of the electrocardiograms there were numerous small 
diphasic complexes which were probably artefacts but might have represented 
auricular activity. 

Case 91. — Cholecystectomy. Ether. Patient jaundiced. The only change noted 
was the appearance of nodal rhythm. 

Case 92. — Cholecystectomy. Ether. Nodal rhythm under deep ether anesthesia. 

Case 93. — Cholecystotomy for acute pancreatitis. Ether. Nodal rhythm under 
deep ether anesthesia. 

Case 94. — Cholecystectomy. Ether. Patient jaundiced. Low voltage while the 
patient was straining. Nodal rhjdhm began when the patient was fully under. P- 
waves returned for a short time during the course of probing the common bile duct 
but disappeared again while the same procedure was still under way. P-waves 
reappeared only when the ether was stopped. 

Disappearance of Control Abnormal Beats. — There was also another 
group of patients in whom abnormal beats were present in the control 
electrocardiogram, but were consj)ienonsly absent later. 

Case 20. — Cesarian section. Ether. The control showed a sinus arrhythmia which 
disappeared with the operative procedure. 

Case 24. — ^Neurolysis of the ulnai’ nerve. Ether. The control waves showed 
extrasystoles of ventricular origin which were present with administration of the 
anesthetic but disappeared during the operative procedure and reappeared post- 
operatively. 

Case 32. — Tuberculous peritonitis. Ether with nitrous oxide induction. The con- 
trol showed extrasystoles of ventricular origin which disappeared during the operative 
procedure and reappeared postoperatively. 

Somatic Tremors. — Three other cases showed marked somatic tremors 
with certain operative procedures. 

Case 4. — ^Vaginal fistula. Ether. There were marked somatic tremors with 
dilation of the rectum. 

Case 9. — Hydrocele. Ether. There were tremors with puncturing of the hydrocele. 

Case 18. — Hemorrhoidectomy. Light nitrous oxide. There were marked somatic 
tremors with dilation of the rectum. 

Obstetrical Cases. — Three obstetrical cases were followed during de- 
liveiy from the first to the third stages. No marked changes were 
noted except in the following cases. During pain in the first stage 
there was an increase of 70 in the heart rate. In the latter part of the 
first stage, the rate slowed. Very marked somatic tremors were noted 
in all three cases. 
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DISCUSSION 

The most frequent important cardiac change found in these obser- 
vations was disappearance of the P-wave with assumption of nodal 
rhythm. Deep anesthesia was probably the single most important 
factor in eliciting it. The P-wave change was seen practically only 
in these cases in which deep anesthesia was used. Thus it was seen 
in thirty-two of the seventy eases in ivhich ether was used, and only 
twice in the nineteen eases in which some lighter anesthetic was given. 
Among the ether cases it was seen e.specially in those cases requiring 
deejier anestliesia. Thus it appeared in fourteen of the twenty gall 
bladder eases, and in four of the five herniotomies, and in none of tbe 
three hjHlroeeles. P-wave changes never appeared before the pa- 
tient was under moderate or deep anesthesia. They usualty appeared 
some time during the third stage of anesthetic induction and before 
any operative manipulation had begun. They usually disappeared 
near the close of the operation wlien the anesthetic Avas discontinued. 

Occasionally nodal rhjdhm did not appear until late in the opera- 
tiA’’e procedure. In these cases the patients ivere not deeply anes- 
thetized until some particular manipulation late in the operative pro- 
cedure required it. Such manipulations ALaried greatly in tjqpe, in- 
cluding pulling on the round ligaments, dilation of the rectum, 
ligating the cystic duct, etc. The ane.sthesia Avas ahvays deepened at 
these points, but it is impossible to state in these instances Aidiether 
the deepening of anesthesia or the operative manipulation Avas re- 
sponsible for the nodal rh3’thm. 

In four cases nodal rhjdhm appeared, then disappeared and re- 
appeared seAmral times during the operation. It Avas obserA'^ed that 
its appearance and disappearance corresponded to those periods in 
Avhich the anesthesia Avas increased and decreased, respectivety. It 
Avas also noted that during the course of a single procedure, e.g., 
probing the common bile duct, the P-Avave AAmuld at first appear nor- 
mal. Then the P-E interA'al AAmuld graduallj^ shorten and the P-AAmve 
become depressed or notched until it Avas lost in the A’-entricular com- 
plexes. It might then appear superimposed on some limb of the QRS 
or on the R-T segment. It AA’’ould seem here that the operatiA'^e manipu- 
lation had induced the nodal rh^dlmi, but AAuthin a minute or less AAdiile 
the same procedure Avas under Aim^q the iirocess might rcA’^erse, and 
normal sinus rhjdhm be reestablished. 

Deep anesthesia, lioAveAmr, is not the onty factor in the production 
of these changes. Thirty-eight of the seAmnty ether cases failed to 
shoAA^ the P-AAmA^e changes. EA’'en AAdtli the same operation and same 
depth of anesthesia, thej'" sometimes appeared and sometimes did not. 
There AA'^ere probabty seA^eral uncontrollable factors AAdiich influenced 
susceptibility to these changes. These clinical obserAmtions, hoAvever, 
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did not establish what those factors were. Age and sex were not im- 
portant. The patients Amried from tiveWe to seA^enty-three years in 
age. Cardiac changes AA^ere as frequent in the older jiatients as in the 
yonnger. They Ai'-ere as common in AA’^oinen as in men. MoreoA^er, the 
condition of the patient had little to do Aidth these changes. "We 
selected certain toxic and septic patients, one Amry anemic patient, 
one emaciated patient and one in profound shock. The cardiac changes 
produced at operation Aimre no different in character and frequency 
from those seen in patients in good condition. Apparently the gen- 
eral condition of the patient is not related to his susceptibility to 
cardiac changes. Tliju-otoxicosis also failed to plaj'’ an}'- role except 
in giA'ing a basal tachycardia. We had two eases in Avhich there Aims 
preAuous cardiac disease, one rheumatic heart disease, the other coro- 
nary sclerosis, and these tivo also failed to sIioaa’- any noteAvorthy 
cardiac changes. 

In a preAdous paper,- eAudenee obtained from dogs suggested that 
icterus sensitized the A'agal mechanism, and thus might account for 
the greater incidence of cardiac irregularities obtained in icteric ani- 
mals on distention of the biliary passages. Three of our gall bladder 
patients AAmre jaundiced. The changes produced in them, hoAAmAmr, 
AA'ere no different in character and frequency from those produced in 
the nonjaundiced gall bladder iiatients. Though none of these factors 
could be established singly as of direct importance, it may be that 
some summation of them is AAdiat finally determines an indiA'idual's 
susceptibility to cardiac changes. 

The type of anesthesia AAms not important except as it controlled 
the depth of anesthesia. In a recent article by Hilh it is stated that 
chloroform aa'rs more toxic to the heart than other anesthetics. The 
most outstanding irregularity he found Aims the production of multiple 
extrasystoles of Amntricular origin. They occurred primarily during 
anesthetic induction, disappeared Avith deep anesthesia, and AA'ere not 
related to the operatiA'e procedure. Such changes AAmre not observed 
in this series. HoAveA'er, chloroform Avas not used in any of our cases. 
Ether Avas used in almost all cases in Avhich cardiac changes Avere 
produced. The three exceptions, one case under spinocain, one under 
avertin, and one under nitrous oxide and noAmcain, demonstrate, hoAV- 
ever, that it is not the ether Avhich is specifically responsible for these 
changes, but rather the depth of anesthesia. 

Minor changes in the P-AvaA'c and shortening of the P-R interval are 
interpreted in the same light as the development of nodal rhythm. 
The A'oltage changes Avere probably a general somatic reaction rather 
than a specific Auscerocardiac reflex. Their association Avith any oper- 
ative manipulation Avas neither constant nor specific, and they ap- 
peared also during anesthesia before any operative procedure Avas 
started, and CAmn after operation and anesthesia had been stopped. 
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Tlie same may be said of the T-wave changes. QES changes indicate 
myocardial disturbance. They too appeared to he related to the 
toxicity of deep anesthesia rather than to any particular operative 
stimulus. Only twice in fifteen times in which it was observed did it 
seem that the QES change was closely associated with an opei-ative 
mantyulation. In one case it was the packing of a gall bladder bed; 
in the other it was the evacuation of an emiDyema which apparently 
produced the change.* 

Extrasystoles and slowing of rate appeared as sharper responses. 
They were seen several times directty associated with some operative 
visceral stimulation, and it seemed that here on occasion a time viscero- 
eardiac reflex had been produced. Extrasjmtoles appeared in thirteen 
of the eighty-nine cases. In two eases thej^ appeared during anes- 
thetic induction, and in one ease postoperatively. Sloiving of the 
pulse appeared in eleven of the eighty-nine cases. It appeared in six 
cases during anesthetic induction. In ten cases extrasystoles ap- 
peared in immediate association with a definite operative maneuver, 
such as pulling on a gall bladder (two eases), palpating a carcinoma- 
tous mass, crushing a hemorrhoid, incising a hernial sac (two cases), 
pulling on the omentum, etc. In four cases the pulse slowed while the 
gall bladder was being pulled, in two cases while the peritoneum was 
being cut, and once during traction on the mesentery. 

The type of operation did not seem to be important. An espeeialty 
large number of gall bladder patients (twenty cases) were studied be- 
cause previous work^ indicated that viscerocardiac reflexes might best 
be obtained from the biliary tract. Only four of the twenty showed 
extrasystoles. The type of operative manipulation did not seem to be 
important because extrasystoles appeared after aU types of unrelated 
stimuli. Onlj^ two of the gall bladder cases showed extras3''stoles in 
definite association with manipulation of the biliary tract. Pour 
brad3mardial responses were directty related to pulling on the gall 
bladder, 3mt they were also seen after other manipulations. Prom the 
proximity of the stomach to the celiac plexus and diaphragm it seemed 
that gastric operations might be likely to elicit viscerocardiac re- 
flexes. Eessinger^ found marked changes with a case of carcinoma 
of the cardia. We, too, found electrocardiographic changes in four 
eases of operation for gasti’ic neoplasm, but three other cases were 
negative. In the four positive cases, onty once was a bradycardia 
related to direct manipulation of the stomach. Extras3’’stoles were not 
seen in any of the gastric eases. In these observations there was no 
constant, specific connection between type of operation or type of 
operative stimulus and electrocardiogi’aphic disturbance. Onty the 

*Bettman and Priest showed that if thoracoplasty caused a simple lateral shift of 
the heart, no electrocardiogram changes were produced. If, however, it caused rota- 
tion of the heart on its A-P axis (so that flow through the great vessels at the base 
was compromised), changes were produced. 
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bradycardia on pulling- the gall bladder was suggestive of such a con- 
nection. Even in iiositive eases when the surgeon Avas asked several 
minutes later at the same operation, or at some other similar opera- 
tion, to repeat the particular manipulation Avith special force intended 
to elicit the cardiac disturbance, almost ahvays nothing happened. 
The failure to repeat the result at the same operation might be ex- 
plained as a fatigue inhibition. The failure to repeat it at a subse- 
quent operation might be explained on the basis of some uncontrollable 
variable. 

. The difficulty of obtaining electrocardiographic changes in response 
to visceral stimulation and particularly the difficulty of establishing 
anj^ constant or specific connection betAveen them does not, hoAvever, 
refute the importance of neurological eonnection betAveen the viscera 
and the cardiac rhjdhm reflexes. The fact remains that in a certain, 
albeit small, ]Dercentage of eases electrocardiographic changes Avere 
produced Avhich Avere direetl}' related, in time at least, Avith a definite 
operatWe stimulus. The association of such changes Avith Ausceral 
stimuli has been demonstrated previously bj^ exxoerimental studies on 
animals- and by observations on normal unanesthetized human sub- 
jects. The routine conditions of clinical surgical procedures intro- 
duced several factors, hoAvevei*, AAffiich could not arbitrarily be elimi- 
nated, and Avhich inhibited the cardiac responses. The positive results 
Avhicli Avere obtained Avere probably due to the fact that in excep- 
tional instances there Avas sufficient gap in the inhibitions to admit a 
Adseeroeardiae response. 

The deep anesthesia itself, though apparently responsible for the 
P-Avave changes and perhaps partly responsible for the T-Avave and 
QRS changes, may have been the most important factor in preventing 
the appearance of extrasystoles, bradycardias and other gross changes. 
The xpreoperative morphine and atropine Avhich all our patients rou- 
tinelj'- received ma}" have had similar inhibitory effects. Thus it has 
been found that in experimental animals the injection of apomorphine, 
by causing nausea and vomiting, Avill elicit cardiac irregularities in 
a certain iiroportion of cases. Deep anesthesia, hoAvever, or large 
doses of morjihine Avill abolish tliis effect (Crittenden). The jiatliAvay 
for the cardiac response is largely A’agal ; and atroiiine alone, it has 
been found, Avill also abolish the Auscerocardiac reflexes produced by 
exjierimental apomorjohine Auseei-al excitation. In three of our OAvn 
cases there Avas an abnormal cardiac rhythm during the controls, dur- 
ing anesthetic induction and postoperatively. During the operative 
procedure, hoAvever, Avith the patients under deep anesthesia, and mor- 
phine and atropine the cardiac abnormalities Amnished. These three 
cases demonstrated quite definitely that deep anesthesia and morphine 
and atropine could abolish cardiac irregularities. It is coneeiAmble 
that they exerted a similar inhibitory effect on the rest of our cases, 
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and thus could have succeeded in preventing the production of these 
irregularities. From a clinical standpoint, it may loell he considered a 
favorable circumstance that the routine conditions of major surgical 
procedures automatically s^ippress the development of cardiac changes 
under visceral stimulation. 


CONCLUSIONS 

During major surgical procedures the most frequent electrocardio- 
graphic change is suppression of the P-wave and assumption of nodal 
rhjdhm. This occurred in thirty-four of the eighty-nine cases, and 
was probably chiefly a function of deep anesthesia. 

The type of anesthetic, the age and general condition of the patient, 
the cardiac condition of the patient, the type of operation or of opera- 
tive procedure or the underlying pathology for which it was done did 
not seem to be imj)ortant in producing this change. 

Extrasystoles appeared in ten eases and brad^maidia appeared in 
seven cases in apparent direct association with a visceral stimulation. 
No constant or specific relation could he establislied, however, be- 
tween the surgical procedure and the cardiac response. 
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OBSERVED ONSET OP BUNDLE-BRANCH BLOCK WITH 
CORONARY THROMBOSIS 45 HOURS LATER'^ 

C. Bruce Perry, M.D. 

Bristol, England 

T he following case appears worthy of record because of tlie fact 
that the development of a bundle-branch block was observed elec- 
trocardiographieally without any sjmiptoms or change in physical 
signs. 

A. P., aged fifty^nine years, railway-shunter. November 17, 1933, referred to 
hospital by Dr. A. N. P. Milner, his panel doctor, for further investigation. 



Fig.l, — Electrocardiogram showing the onset of bundle-branch block in Lead II. 
Time juarker indicates fifths of seconds. 


Patient complained of attacks of "heaving” i)ain in the middle of the chest. 
This pain was caused by walking, iJarticularly up a hill, and passed oif in one or 
two minutes when he stopped. He had noticed some dyspnea on exertion during the 
past year, but the first severe attack of pain was six weeks ago. The pain was 
usually associated with dyspnea. 

No previous illnesses of importance. 

Family History . — Father died of a “seizure” aged sixty years. Mother died 
aged sixty -five years from “old age.” One brother died of “cancer” aged sixty 
years. Other siblings alive and well. 

Fxammation . — ^Radial and brachial arteries definitely thickened. No venous con- 
gestion in the neck. Apex beat and cardiac dullness normal, heart sounds faint 
except the second sound at the aortic area wdiich was accentuated. Blood pressure 

♦From University Center of Cardiac Research, General Hospital, Bristol, England. 
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190/100 mm. Hetinal arteries appeared arteriosclerotic and the veins were full. 
There were no abnormal physical signs in the lungs, abdomen or nervous system. 
The urine contained no albmnin or sugar. Wassermaun reaction was negative. An 
x-ray film showed no appreciable cardiac enlargement. An electrocardiogram (Fig. 
1) showed a normal tracing in Lead I and in the first half of Lead II, after which 
the ventricular complexes suddenly assumed the features of a bundle-branch block. 
Anotlier electrocardiogram taken one and one-half hours later (Fig. 2) showed a 
bundle-branch block of " indeterminate tj'pe in all three leads. There were no 
symptoms associated with this change in the character of the electrocardiogram 
and no alteration in the cbnieal physical signs. The patient stated that he felt 
quite well and was unwilling to remain in hospital. 

Suhsequeni history . — He returned home and was apparently well mitil November 
19, when he was seized with a severe siibsternal pain at 9 a.M. following an attack 
of flatus. Tlie skin was cold and clammy and he complained of faintness. The 
pain lasted until 2 P.M. On tliis daj' the patient was visited b}' Dr. A. N. P. Milner, 
to whom 1 am indebted for this history. November 22, no further pain but com- 
plaints of great weakness. Suddenly his speech became very difficult and slurred. 



Fig-. 2. — Electrocardiogram taken one and one-half hours later. Time marker indicates 

fifths of seconds. 


the mouth was drawn to the right side, and lie lost the use of his left arm and 
leg. After this short periods of consciousness and unconsciousness alternated with 
complete henuplegia. Death on November 26, one week after the attack of pain. 
No post-mortem examination. 


COMMENT 

It is difficult to correlate tlie onset of the bundle-branch block with 
a coronary thrombosis, since the characteristic pain did not occur 
until forty-five hours later. In view of the subsequent history of what 
appears quite definitelj'' to be a cardiac infarction with later cerebral 
embolism from a detached intraventricular thrombus, it is difficult to 
avoid the conclusion that the electrocardiographic changes were the 
result of an organic myocardial lesion. Further, in those cases of 
bundle-branch block in apparently normal healthy adults, which are 
associated with attacks of paroxysmal tachycardia, reported by Wolff, 
Parkinson and White, ^ and bj'' Wolferth and Wood," there occurred a 
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sliorteniiig of tlie P-K interval with the onset of the abnormal ven- 
tricular complex. In this case, however, the P-Q interval (which is 
more strietty comparable) is unchanged by the onset of the bundle- 
branch block. It is tempting to speculate that the occlusion of the 
main coronary branch was of sloiv development and that a deposit of 
fibi'in and platelets occluded a small branch supplying the lower part 
of the A-V bundle while the first electrocardiogram ivas being taken, 
and that the further growth of this thrombus was so sloiv that the 
lumen of the main arterj' was not occluded until forty-five hours later. 
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nitrogen, and normal plicnolsnlplioncphlhalein cxcrclion. Repeated nrine cxambia- 
tions for tubercle bacilli were negative. Fragility of the rod blood colls was some- 
what increased, hemolysis beginning at 0..')2.'5 and being complete at 0.-12o; reticulo- 
cyte count was .3.4 per cent. Bleeding and clotting times and clot retraction were 
•(vithin normal limits. The van den Bergh test showed a negative direct reaction, and 
an indirect reading of 0.2 units. Icterus index was 10. Boeutgon examinations of 
the skull, spine, pelvis, femora, and ribs wore negative for any evidence of maligimnt 
disease. Intravenous urogram, done because of the persistence of red blood cells 
in the urine, was nog.'itive; however, a retrograde pyelogram of the left urinary 
tract showed a slight irregularity in the lower calicos suggesting a possible pyelo- 
nephritis. An electrocardiograju contained some auricular extrasystolos, slurring of 
the QBS complexes and slight evidence of mj'ocardinl damage. 

During hospitalization, the temperature was practically normal at all times; the 
pulse, however, remained between 100 and 110. On discharge, red blood count 
was 4,.300,000, hemoglobin SS ])or cent, and white blood cells 0,000, with a normal 
ditTerential picture. Urine was negative except for a few red blood cells. 

A “follow-up” in September, 10.33, .showed the patient to be in good general 
health uith a normal tolerance for exercise. The heart was not enlarged (by per- 
cussion, roentgenogram, or orthodiagrain), the sounds were of good quality, and 
no murmurs or thrills wore found. The second aortic sound was moderately ac- 
centuated. An electrocardiogram again revealed some evidence of myocardial damage. 
Blood pressure was 210 mm. systolic, and 100 diastolic, ns compared with his previ- 
ously normal readings. Abdominal examination revealed the liver extending from 
4 to 5 fingerbreadtlis below the right costal margin and firm, smooth, .and not 
tender. The spleen was barely jialpable. No other abnormal abdominal masses 
could be felt. Because of his freedom from symptoms, the patient could not be 
induced to return to the hospital for further studies. 

DISCUSSION 

Based on the reported cases, the causes of liemopericardhim include 
tlie folloivinp: : (1) tnbercnlosis’"^^ ; (2) I'uptnre of sclerotic coronary 
vessels’ ; (3) vonnds of the heart or aorta, and rnptnre of an aneu- 
lysm’”'-" ; (4) neoplasms-'"'’'" ; (o) hemorrhagic diseases"’""’ ; (6) a post- 
infectious sequel""’ ; (7) chronic nephritis."’’ 

Tuberculous pericarditis is not infrequently accompanied by a hem- 
orrhagic effusion. Tliis has seldom consisted of tvliole blood; moreover 
the prognosis is usually fatal, ■with a life expectancy of from one to 
ttvelve months from the date of discovery of the effusion. In a recent 
review by Kornblum et al." of 17 cases of tuberculous ijericarditis, 
only one patient is said to have had bloody fluid. 

Rupture of sclerotic coronaiy vessels with production of hemoperi- 
cardium lias usually been recognized only post-mortem. Aleott"" in a 
review of the literature found only 31 cases of rupture of one or both 
coronaiy arteries. It is unlikely that this would occur without some 
associated change in the electrocardiographic findings. No distui’b- 
ances of note were found in the electrocardiograms of our patient. 

Traumatic wounds of the heart, iiericardium or aorta are not un- 
common. It seems unlikely, however, that the slight fall against the 
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wall w'liicli our patient experienced was responsible for a traumatic 
wound of these parts. During' the past decade, ruptured aneurysms 
have become a rarity. 

Tumors of the heart and pericardium are rare and are usuall}’^ 
without symptoms. Onty one record has been found of a primary 
tumor of the heart diagnosed during life.®® Primaiy tumors of the 
pericardium are usually sarcoma or lipoma, although rare instances 
of carcinoma and endothelioma have been reported. Hemorrhagic ef- 
fusion is not uncommon from pericardial or cardiac neoplasms. Tu- 
mors of any of the organs may give rise to metastasis to the heart. 
HoAvever, the duration of life is usually short and reaccumulation of 
fluid is rapid. 

Practically every hemorrhagic disease has been reported in asso- 
ciation with hemoperieardium. Leucemia, purpura hemorrhagica, 
hemophilia, and primary anemia can easily be ruled out hy appropri- 
ate blood studies. History of adequate diet and lack of other symp- 
toms makes scurvy improbable in our patient. In view of the slight 
reticulocytosis, and increased fragility of the red blood cells to hypo- 
tonic salt solution, the enlarged liver and palpable spleen, hemol^ytic 
ictero-anemia is a definite possibility. However, urobilin could be 
demonstrated at no time in the urine, and the van den Bergh test 
showed no essential change. If this be the correct diagnosis, the oecui’- 
renee of a hemoperieardium with no other signs of hemorrhage is 
extremely unusual. 

Pericardial effusion secondary to chronic nephritis is usuallj'' straw 
colored or very slightly hemorrhagic. In only 1 of 18 autopsied cases 
of pericarditis in chronic nephritis did Baraeh®® find a frankly bloods'- 
fluid. 

Another possibility which has been suggested is the simultaneous 
occurrence of multiple angiomas, liver, pericardium, and other organs 
being affected. This possibility could not be tested in our patient 
without exploration, which was refused by the patient. 

The cause of the bloody effusion in our patient remains unknown ; 
however, in spite of an almost noimial electrocardiogram, we are in- 
clined to believe that the hemopericardram resulted from rupture of 
a sclerotic coronaxy vessel in a hj'-pertensive individual. 

The diagnostic features of hemoperieardium, apax't from the charac- 
ter of the fluid, are in no outstanding way different from those of a 
serous effusion. Tapping when necessaiy to relieve cardiac tamponade 
is best performed just outside the apex or in the eostoxiphoid angle. 

Although the prognosis is poor, xvith a fatal termination in the large 
inajoi-ity of cases, yet numerous reports of cure following evacuation 
of a hemoperieardium can be found.®’ 
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SUMMARY 

1. A ease with massive pericardial effusion of blood is reported with 
a clinical cure following two paracenteses with removal in all of 1,500 
c.e. of almost undiluted blood. 

2. The etiology of hemoperieardium is brieflj'' reviewed. 
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SYPHILITIC AOETITIS WITH ANEURYSM OF THE 
INNOMINATE ARTERY AND OCCLUSION OF 
THE LEFT COMMON CAROTID ARTERY* 

Laurence E. Cooley, M.D., and Frank P. McNamara, M.D. 

Dubuque, Iowa 

/^~\CCLUSI0N of tlie mouths of the coi’onary arteries due to syphilis 
is not an uncommon pathological finding. Syphilitic occlusion of 
larger arteries would seem to be a much rarer condition. 

Recently Motley and Moore^ reported a ease of syphilitic aortitis 
in which the opening of the left common carotid and subclavian ar- 
teries “would not much more than accommodate the shaft of a small 
pin.” They mentioned similar reports of sj''philitic occlusion made by 
Preisdorfer“ in 1878 and Darling and Clark^ in 1915. Several other 
reports of syphilitic occlusion were found in the older literature. In 
1882 Whitnej'- and Blake'^ described a case of aneurysm of the innomi- 
nate artery with the orifice of the left common carotid artery only 2 
mm. in diameter and the orifice of the left subclavian artery entirely 
obliterated. In 1885 Suckling and Deiid}’-^ reported a case of innomi- 
nate aneuiysm in which the orifice of the left common carotid artery 
was obliterated, while Blackman® reported an innominate and aortic 
aneurysm in which the opening of the left subclavian artery was a 
“mere chink.” In 1902 while discussing surgery of aneur^’-sms FengeH 
wrote, “In some eases of aneurysm of the aorta as well as the innomi- 
nate artery the left common carotid artery is either obliterated or 
very Aveak. ’ ' KaufmaniY states that occasionally the larger vessels of 
the arch of the aorta are narroAved or occluded in syphilis of the 
aorta. 

CASE report 

A white laborer, aged sixty-two years, came under observation in May, 1932, 
complaining of a dull aching pain in the left shoulder and arm, and a loss of forty 
pounds of weiglit. The onset was insidious and the symptoms had been noticed 
for one year. Relatives reported that the patient’s mental reactions had become 
much slower during the past five years and that he had complained of being dizzy 
at times during the past three years. 

There was no history of previous illness. The family history was not known. 
There were two children living and well. The wife was in good health. She had 
had no miscarriages or stillbirths. There was no history of venereal disease. 

Physical examination: The patient was a well-developed male, rather thin, and 
not acutely ill. The pupils were unequal and irregular and did not react to light. 
Under the right sternoclavicular joint a pulsating tumor could be felt. No arterial 

♦From the Departments of Medicine and Pathology, Finley Hospital, Dubuque, 
Iowa. 
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pulsation could be palpated on either side of the neck. The sternal ends of 
both clavicles were enlarged and tender. In the first interspace to the right of the 
sternum a soft blowing to-and-fro systolic and diastolic murmur could be heard. 
There was no increase in the supraeardiac dullness. Examination of the heart, 
abdomen, and nervous system revealed no abnormal findings. On the prepuce of 
the penis was a small whitish scar. There was some limitation of motion of the 
right elbow and shoulder. There was no arterial pulsation to be obtained anywhere 
along the right arm or at the wrist. The nails of the right hand were slightly 
cyanotic. Blood pressure, right arm 0, left arm 96/50. Fluoroscopy of the chest 
showed a diffuse pulsating enlargement of the arch of the aorta. There were 



Pigr. 1. — Photograph of heart and great vessels : ( a) dilated ascending aorta ; ( 6 ) 
aneurysm of innominate artery; (c) thrombosed right common carotid artery; (cl) 
subclavian artery and thyroid axis ; (e) occluded left common carotid artery ; (/) 
enlarged left subclavian artery. 

no pathological findings in the x-ray pictures of the right shoulder and elbow and 
in the urine and blood Wassermann examinations. 

The patient was given mild antisyphilitic treatment for the next six w'eeks with 
some improvement at first. On May 27, 1932, the blood pressure was 70/56 in the 
right arm and 126/54 in. the left arm. At the end of six weeks the patient was 
too weak to come into the office for treatment. He was next seen September 15, 
1932. The pulsating tumor was visible above the right sternoclavicular joint. The 
patient was not seen again until April 12, 1933. The pulsating tumor \COuld be 
seen to extend 3 cm. above the clavicle and was 3 cm. in diameter. During the 
two months preceding, when the patient turned on his left side he had a sensation 
of smothering and began to lose consciousness. This was promptly relieved when 
the patient was turned on his bade again. He died April 14, 1933. 
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The points of special interest at autopsy wore: cl moderate diffuse dilatation of the 
ascending and transverse aorta witli fine linear striations characteristic of luetic 
mesoaortitis ; a diffuse dilatation of the innominate artery, the length being G cm. 
and the diameter 2.5 cm. ; an old organized thrombus, found in the upper part of 
the innominate aneurysm, and a fresher thrombus found in the lower part; organized 
and canalized thrombi in the right common carotid artery and the right subclavian 
artery and all its branches except the inferior thyroid; absence of the orifice of 
the left common carotid artery, represented by a depression in the wall of the aorta; 
tibove the occlusion an organized thrombus which extended to the bifurcation into 
the internal and external carotid arteries; an unusuallj' large left subclavian artery; 
and an osteochondritis of the sternal ends of both clavicles. Microscopically the 
aorta and innominate artery showed areas of perivascular round cell infiltration and 
an increase in the sear and connective tissue with fragmentation of elastic tissue; 
the orifice of the left common carotid artery was occluded bj' connective tissue 
infiltrated with nests of round colls about the blood vessels ; hyalinization and round 
cell infiltration were seen around manj' of the vessels in the region of the pons; 
in the testes there was a diffuse increase of connective tissue between the tubules. 
These were interpreted as the results of sj’philis. 

COMMENT 

This ease presented manj' interesting pathological changes. The 
blood .supply was one of the most remarkable features. Almost no 
blood reached the head through the right common carotid and right 
vertebral arteries and none through the left common carotid artery. 
At autopsy the heart, aorta and as much of the neck as possible were 
removed in toto. Unfortunately we did not suspect the occlusive lesion 
until the arteries were dissected out several days later. There was no 
evidence of thrombosis in the left internal and external carotid ar- 
teries. It is iirobable that blood from the left .subclavian reached 
these artei’ies through the deep cervical artery by an anastomosis with 
the descending branch of the occipital artery, which is a branch of 
the external carotid artery. The sjuni^toms of dizziness, retarded 
mental reactions and the sensation of smothering when lying on the 
left side can easily be exp)lained on the basis of this unusual blood 
supply. It seems remarkable that the patient could live at all with 
such a large part of the ordinary blood supply obstructed. 

There have been many reports of aneuiysm of the innominate artery 
associated vdth syphilis of the aorta. Reviewing the older literature 
one maj'’ say that syphilitic occlusion of the larger branches of the 
aortic arch also is not an extremely rare j^athological finding. Darling 
and Clark® concluded from their study that occlusions of the carotid, 
innominate, subclavian, renal or mesenteric arteries occurred in 3.7 
per cent of sjqihilitie cadavers. Perhaps a more diligent search at 
autopsy would lead to similar reports now. 

Clinical diagnosis of these occlusive lesions may be made if one has 
this possibility in mind when examining cases of .syphilis of the cardio- 
vascular system. Certainly it is easj’" to determine whether or not 
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there is a pulsation in the carotid and subclavian arteries. Vag'ue and 
unusual symptoms may thus be explained. B'inally a correlation of 
autopsy findings and clinical symptoms maj^ lead to the formation of 
a definite symptom-complex in sj^ohilitic occlusions of the larger 
branches of the aorta. 
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Hart, Andi’ew D., Wood, J. Edwin, and Daughton, A. D.: Rheumatic Fever In 

Piedmont, Virginia. I. Incidence and Clinical Manifestations. Am. J. INI. Se. 

187: 352, 1934. 

Two hundred instances of rheumatic disease observed during a six-year period 
at the University of Virginia Hospital have been studied in an effort to determine 
the approximate incidence of the disease as a whole and to note particularly the 
relative occurrence of its various manifestations. 

It would appear that rheumatic fever is of frequent occurrence in central 
Piedmont, Virginia, where it is three times as common as in the tidewater section 
of the same state. The arthritic forms of the disease, although mild and of such 
short duration as to suggest that they maj’’ at times escape detection, are rela- 
tively frequent and tend to recur in a fairly high percentage of cases. Serious 
and permanent damage to the heart is evidenced in a surprisingly large number 
of persons with rheumatic fever. 

Elliot, Albert H.: Anemia as the Cause of Angina Pectoris in the Presence of 

Healthy Coronary Arteries and. Aorta: Report of a Case. Am. J. M. Sc. 187: 

185, 1934. 

A fifty-five-year-old woman with chronic anemia and repeated epista.ves had 
attacks of angina pectoris over a period of three years which became extremely 
severe with the occurrence of a febrile illness. At necropsy an hypertrophied 
but otherwise normal heart was found. The coronary arteries were thin walled 
and dilated; detailed study revealed no lesions in their walls other than occa- 
sional flecks of lipoid on the intima; the aorta was unchanged. The jjhysiological 
evidence is reviewed which indicates that anemia, by increasing cardiac output, 
may cause myocardial hypertrophy; that under these circumstances the adaptive 
limit of the coronary flow may be reached in the resting state and easily exceeded 
under additional phj^siological circulatory burden and that the resultant myo- 
cardial ischemia might express itself as an anginal seizure. It is suggested that 
such a mechanism could well explain both the clinical and the pathological find- 
ings in this case. This study demonstrates that angina pectoris may occur in 
the absence of disease of the coronary arteries, myocardium or aorta. 

Laplace, Louis B., and Crane, Martin P.: Observations on the Production of Pain 

and Fatigue in MusciUar Ischemia and Their Relationship in Angina Pectoris. 

Am. J. M. Sc. 187: 2G4, 1934. 

Observations were made in a scries of 36 subjects on the relationship oJ 
ischemia to the development of pain and fatigue in the contracting muscles of the 
arm. The development of both pain and fatigue was favored bj' arrest of the 
circulation, but the two phenomena were not alTected to the same extent by dif- 
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feront degrees of ischemia or by variations in the type of -work. In many eases 
the relatively early development of fatigue was able to terminate exercise before 
the manifestation of severe pain. Constitutional nervous sensitivity did not ap- 
pear to atfect the pain of muscular ischemia. 

On the basis of these observations, it is concluded that constitutional nervous 
sensitivity is unlikely to be a significant factor in the occurrence of angina 
pectoris. The rarity of cardiac pain in congestive heart failure and its absence 
in many cases of coronary obstruction may be explained by the fact that the de- 
velopment of cardiac fatigue maintains the maximal work of the heart at a 
level below the threshold of pain production. 

Levy, Robert L., Bmeim, Howard G-., aaid Kurtz, Dorothy: Facts on Disease of 

the Coronary Arteries, Based on a Survey of the Clinical and Pathologic Rec- 
ords of 762 Cases. Am. J. M. Sc. 187: 376, 1934. 

A statistical analysis was made of the autopsy and clinical records of 762 
cases of coronary artery disease observed at the Presbyterian Hospital during the 
period from 1910 to 1931. The facts apparent as a result of this survey are to be 
regarded as applying to this material; no general conclusions are drawn. 

Arteriosclerosis was the most common lesion, having been found in 97.2 per 
cent of the cases. Syphilitic aortitis, by inducing stenosis or occlusion of the 
coronary orifices, was responsible for impairing the coronary blood flow in 5.7 per 
cent. Syphilis did not play a rSle in predisposing to coronary sclerosis. It was 
present no more frequently in patients with coronary disease than in those with- 
out it. 

In 2,877 consecutive autopsies, lesions of the coronary arteries were found in 
25.9 per cent. This is a strikingly high figure. 

In half of the cases showing sclerosis in the coronaries, the lesions were 
"slight’' or "moderate”; in many of these instances, no functional impairment 
of the cardiac circulation was induced by such lesions. The lesser degrees of 
sclerosis were observed predominantly in the younger age groups; the more 
marked lesions developing with advancing years. 

In this series of autopsies, the incidence of coronary disease showed a slight 
but steady increase throughout a twenty- two-year period; but the increase was 
not nearly so great in the proved cases as was indicated by the figures based on 
clinical diagnosis alone. The reasons in explanation of these facts have been 
given. 

Coronary artery disease increased at all ages, but the increase was particularly^ 
noteworthy between the ages of twenty-five and forty-four years. There was a 
predominance of males. The number of cases increased in both sexes. 

Occupation did not appear to play a significant part in determining those 
whose vessels were afleeted. The largest percentage of coronary cases was found 
among foremen and skilled workers. 

The clinical diagnosis of coronal y disease is being made with greater accuracy 
as well as with increased frequency. Many cases are latent and probably cannot 
be recognized during life. Even in the presence of calcification or stenosis, the 
diagnosis was made clinically in but 16 per cent of the cases during the years from 
1920 to 1931. During this same period, coronaiy thrombosis was correctlj' diag- 
nosticated in only 43 per cent of the cases. 

Arteriosclerotic heart disease was the most frequent primary cause of death. 
Cardiac insufficiency was the commonest terminal event. 

The increase in the incidence of affections of the coronary arteries is not to 
be regarded as a matter of concern. Rather should it be a source of satisfaction 
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The functional classilieation of pregnant caialiac patients has been eonsiderod, 
and it was noted that 5 cases out of Classes 1 and 2 (a) decompensated, which 
is at variance with the work of Pardee who clniius that Classes 1 and 2 (a) have 
au excellent prognosis. Other factors, in the author ’s opinion, must be con- 
sidered in addition to the functional classilication, such as the age of the patient, 
the family environment, the duration of the heart disease, and the extent of 
valvular damage. 

Alost of the cases that decompensated did so before the onset of labor, and 
there was no relationship demonstrated between the month of pregnancy and 
the on.set of. docompen.'ation. 

The mortality was 7.5 x^cr cent, which falls within the mortality range of from 
5 to 10 per cent as reported by reliable observers. Two of these deaths rvere 
probably preventable. Consideration of the mortality of the xmtients having x^'o- 
nataJ care and those who did not, shows a death rate of 2.2 per cent in the former 
and in the latter 20 per cent, thus demonstrating the importance of prenatal care. 

The limited follow-up showed that 56 per cent were not worse following prog- 
. nancy, while 13 x^ow cent were. The need for further follow-up stinly to deter- 
. mine what happens to the cardiac mother and her child after the lying-in period 
is obvious. 

Master, Arthur M.: Right Ventricular Preponderance of the Heart. The signifi- 
cance of Ventricular Prepouderance and T-Wave Inversion in the Human Elec- 
trocardiogram. Am. J, Al. Sc. 186: 714, 1933. 

EIectrocardiogram.s from 173 cases in the last four years shoAving right vou- 
. trieular preponderance of the QES group Avere studied. The groups of diseases 
found to be associated with right ventricular x>reponclerance are: (1) chronic A’lilvu- 
lar disease (57 per cent) Avith mitral stenosis alone or associated Avith other 
valvular lesions; (2) degenerative heart disease (21 per cent); (3) noncardiac 
diseases .such as thyroid disease, bronchial asthma and emphysema and finally 
congenital heart disease and .syx>hilis. Ecjiialc indiA'iduals x'>i'^-'('ominatcd in pa- 
tients Avith chronic valvular disease and male iTidividuals in the degenerative 
heart disease group. 

Right ventricular XArexJonderancc Avith iiiA'crsion of and T., is associated Avith 
the most marked right ventricular enlargement, Avith the largest hearts, Avith the 
most marked eiilai’geiiient of the pulmonary conus and the left auricle, Avith 
markedly increased lung markings and congestion in the lungs and Avith the 
highest mortality (33 per cent). Eight ventricular prepouderance Avith inversion 
. of T3 alone is a.ssociated Avitli a lcs.s marked degree of these anatomical changes 
and a mortality of ,15 per cent and finally in right ventricular prepouderance 
Avith any inversion of the, T-Avavc at all, the least changes occur and the mor- 
tality is only 7 per cent. 

Auricular fibrillation Avas present in 40 per cent of the patients shoAving right 
ventricular inopondorance Avith both T.. and T., inverted, 17 i)or cent Avhen 'I\ 
alone Avas inverted, and only 7 x>or cent Avith no T-AvaAm iuA'ersiou. 

Kissin, Milton, Ackerman, W(alter, and Katz, Louis N.: The Effect of tlie Heart’s 

Position on the Electrocardiographic Appearance of Bundle-Branch Block in 
Man. Am. J. Af. Sc. 186; 721, 1933. 

The present investigation Avas made to di.seover whether changes in the heart’s 
position caused a noticeable sliift of the electrical axis in six individuals Avith 
so-called, right bundle-branch block. Electrocardiograms Avero taken in various 
imsitions of the body and in dilfcrent phases of respiration. Some degree of 
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The functional classification of ^Drcgnant cardiac patients has been considered, 
and it was noted that 5 eases out of Classes 1 and 2 (a) decompensated, Avhich 
is at variance Avith the Avork of Pardee avIio claims that Classes 1 and 2 (a) have 
an excellent prognosis. Other factors, ' in the author ’s opinion, must be con- 
sidered in addition to the functional classification, such as the age of the patient, 
the family environment, the duration of the heart disease, and the extent of 
Amlvular damage. 

Most of the cases that decompensated did so before the onset of labor, and 
there Avas no relationship demonstrated betAveen the month of pregnancy and 
the onset of decompensation. 

The mortality Aims 7.5 per cent, Avhieh falls Avithin the mortality range of from 
5 to 10 per cent as reported by reliable observers. Two of these deaths Avere 
probably preventable. Consideration of the mortality of the patients having pre- 
natal care and those A\'ho did not, shoAi-s a death rate of 2.2 per cent in the former 
and in the latter 20 per cent, thus demonstrating the importance of prenatal care. 

The limited folloAV-up shoAved that 56 per cent Avere not Avorse folloAving preg- 
nancy, AA'hile 43 per cent Avere. The need for further folloAv-up study to deter- 
mine AA'hat happens to the cardiac mother and her child after the lying-in period 
is obvious. 

Master, Arthur M.; Right Ventricular Preponderance of the Heart. The signifi- 
cance of Ventricular Preponderance and T-Wave Inversion in the Human Elec- 
trocardiogram. Am. J. kf. Sc. 186; 714, 1933. 

Electrocardiograms from 173 cases in the last four years shoAving right ven- 
tricular preponderance of the QES group were studied. The groups of diseases 
found to be associated Avith right ventricular preponderance are; (1) chronic valvu- 
lar disease (57 per cent) Avith mitral stenosis alone or associated Avitli other 
valvular lesions; (2) degenerative heart disease (21 per cent); (3) noncardiac 
diseases such as thyroid disease, bronchial asthma and emphysema and finally 
congenital heart disease and syphilis. Female individuals predominated in pa- 
tients Avith chronic Amlvular disease and male individuals in the degcneratiAm 
heart disease group. 

Eight Amntricular preponderance Avith inversion of T„ and T, is associated AAuth 
the most marked right ventricular enlargement, with the largest hearts, Avith the 
most marked enlargement of the pulmonary conus and the left auricle, AAuth 
markedly increased lung marking.s and congestion in the lungs and Avith the 
highest mortality (33 per cent). Right A-entricular preponderance AAuth iiiAmrsion 
of Tg alone is associated Avith a less marked degree of these anatomical changes 
and a mortality of 15 per cent and finally in right ventricular preponderance 
Avith any inAmrsion of the T-AvaAm at all, the least changes occur and the mor- 
tality is only 7 per cent. 

Auricular fibrillation AA'as present in 40 per cent of the patients shoAving right 
A-entricular preponderance AA-ith both T, and T^ iiiA-erted, 17 per cent when Tj 
alone Avas inA'Crted, and only 7 per cent AA'ith no T-waA-e iiiA-ersion. 

Kissin, Milton, Ackerman, Wialter, and Katz, Louis N.; The Effect of the Heart’s 
Position on the Electrocardiographic Appearance of Bundle-Branch Block in 

Man. Am. J. M. Sc. 186; 721, 1933. 

The picscnt inA-cstigation AA-as made to diseoA'cr whether changes in the heart’s 
position caused a noticeable shift of the electrical axis in six individuals with 
so-called right bundle-branch block. Electrocardiograms Avere taken in various 
positions of the body and in different phases of respiration. Some degree of 
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pliift in electrical axis appeared with change in position of the heart in ever}’^ 
case. Twice, marked changes in the electrical axis appeared, and the electro- 
cardiogram of a so-called right bundle-branch block changed to the indeterminate 
type of bundle-branch block. The position of the heart as well as the site of the 
blocked bundle-branch deterruine the direction of the QES of the electrocardio- 
gram of bundle-branch block. This may be the explanation of certain apparent 
contradictions in the findings of previous .students of bundle-branch block. 

It is suggested that electrocardiograms heretofore interpreted as left and right 
bundle-branch block be reported simply as intraventricular block or "bundle- 
branch block configuration" and that no attempt be made to locate the blocked 
bundle-branch from the electrocardiographic appearance alone. 

France, Richard: The Large Q-Wave in Lead III of the Electrocardiogram. Am. 

J. M. ,Sc. 187: 16, 1934. 

An analysis is made of 103 electrocardiograms characterized by a normal sinus 
rhythm with a significant Q-wave in Lead III. A study of the histories of the 
cases with reference to the electrocardiographic findings is presented. The path- 
ologieal alterations in the hearts of 12 of the cases are given. The relation of 
the Q-wave mechanism to occlusion of the right coronary artery and infarction 
of the posterior basal portion of the interventricular septum is discussed. 

The results of the present study are in accord with the observations of others 
to the effect that the large Q-wave in Lead III while sometimes present in the 
absence of heart disease, is frequently associated with serious myocardial damage. 
Furthermore, it is indicated that when this wave and additional evidence of myo- 
cardial disease exist in the record, angina pectoris is often present. Postmortem 
findings support the view that the deep Q, is commonly seen as part of the evi- 
dence of the electrocardiographic change occurring after thrombosis of the right 
coronary artery with subsequent infarction of the posterior base of the left ven- 
tricle and adjacent portion of the interventricular septum. 

N 

Bunta, Emil: Blood Pressure Variations in Tuberculosis. Am. Rev. Tuberc. 29: 

335, 1934. 

The object of the present study was to determine the range of arterial tension 
in tuberculosis. A greater divergence from the range of absolute normal pres- 
sures was noted in tuberculous than in normal patients with the same sex, age, 
and weight. It was found that pulse pressures manifest the widest variations 
chiefly at the expense of systolic pressures. Variations from normal arterial ten- 
sion are directed mostly toward hypotension levels. The trend in tuberculosis 
is toward relative hypotension rather than absolute hypotension levels. Con- 
spicuous hypotension pressures are predicated on either pathological extent or 
clinical activity of tuberculous lesions. Of the two factors, clinical activity is 
the principal determinant. Progressive lowering pressures especially pulse pres- 
sures, parallel tuberculous activity, the degree of which is enhanced as the dis- 
ease approaches the far advanced stage. 

The practical import of these considerations is their application in the diagno- 
sis, prognosis, and treatment of tuberculous patients. From a diagnostic point 
of view, blood pressure observations are chiefly useful as clues or as confirmatory 
facts in the evaluation of clinical data. The trend of recurrent individual meas- 
urements toward normal findings speaks well for ultimate arrest of the disease. 
A progressive lowering of blood pressure, especially pulse pressure, calls for a 
guarded prognosis. The management of tuberculous patients, based on a program 
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of rest or exercise, discontimiauce or resumption of employment, preference of 
dispensary supervision or sanatorium care, depends in no small measure on in- 
formation derived from the individual blood pressure record. 

Berconsky, Isaac: The Blood-Eespiratory Function in Black Cardiacs of Ayerza. 

Semana med. 1: 1509, 1933. 

This study is based on ten patients with so-called Aj'erza ’s disease (cardiacos 
negroes of Ayerza). These patients had an old chronic bronchopulmonary process 
with emphysema and developed an intense cj'anosis without evident cardiac in- 
sufficiency as a cause of the cyanosis. Unless interrupted by an intercurrent 
process, six patients after several years showed a congestive cardiac failure which 
in several of the eases became the cause of their death. 

Argentine authors, pupils of Professor Ayerza, as well as authors of other 
countries, attribute the intense cyanosis and other symptoms and signs which 
these patients present, chiefly to a sclerosis of a branch of the pulmonary artery, 
to the cardiac failure, or to the reduction of the alveolar fleld in the lungs. 
According to the determinations carried out by' the writer, it was found that 
due to the rigidity' of the thorax, the vital capacity' of these subjects is dimin- 
ished strongly between 40 and 68 per cent of normal. Since the tidal flow of 
air is also low, there is an alveolar hypoventilation with diminution of the oxy'- 
gen alveolar tension (average 64, 33 mm. Hg) with a rise in the tension of car- 
bon dioxide (average 63, 27 mm. Hg). The low alveolar oxy'gen tension is the 
reason for the low arterial saturation (average 77, 92 per cent). The rise of 
the alveolar CO, tension determines the carbon dioxide excess (high alkaline re- 
serve with Pji normal) and serves as a compensating measure. The great quan- 
tity’’ of the arterial reduced hemoglobin found also in the capillary vessels (aver- 
age 7.46 grams) explains logically the cyanosis (cyanosis arterial). Factors 
•which help to intensify the cy'anosis are the increased quantity of hemoglobin 
existing, the rise of CO„, and the development of a dilated capillary bed which 
these patients present. When the cardiac insufficiency appears, the cy'anosis 
tends to be intensified, due to the circulatory' congestion (cy'anosis mixta). The 
inhalation of oxygen will modify the arterial cyanosis. 

The writer concludes that the cyanosis which is a sy'mptom whereby the con- 
dition is called cardiacos negros is due to alveolar hypoventilation. 

Eppinger, Eugene C., and Midelfart, Peter A. H.: Stenosis of the Isthmus (Co- 
arctation) of the Aorta. Am. J. M. Sc. 185: 528, 1933. 

Throe typical cases of coarctation of the aorta arc presented and discussed 
briefly with emphasis on the history' and physical findings. The salient point 
to be drawn from these cases is the fact that evidence of hy'pertcnsion or hy'per- 
tensive disease in a y'oung adult w'ithout renal disease should suggest the pos- 
sibility of coarctation of the aorta before considering the case as one of idio- 
pathic hypertension. A less important though none the less striking feature is 
intermittent claudication of the legs in the same period of life. 
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Die Tonuskrankheiten des Hereeks und der Gefasse: hire Bioeooie unu 

Therapie. By Dr. J. Pal. Julius Springer, Vienna, 1934. 22S pages aiul 20 

illustrations. 

In this monograph Professor Pal succeeds in combining a discussion of tlie 
biological basis of variations in muscle tone — ^particularly in muscle tone as it af- 
fects the heart and blood vessels — and a practical handbook written witJi clinical 
insight. In the first part of the book Dr. Pal discusses the cellular basis of tonicity, 
a function whicli he ascribes to the sarcoplasm as opposed to the kinetic function of 
the fibrillae of the muscle cells. He then considers the variations in tone of tlie 
lieart and vessels, in health and in disease, as regulated by the nervous system and 
as aifected by toxins and by drugs. In the second part of the book he turns to 
the clinical picture resulting from lij'per- and hj’iiotonicity. Particularh' intei’esting 
is his discussion of primaiy permanent h 3 T;)ertonicity of the arteries, which lie con- 
siders as an independent, usuallj" liereditar^', disease of the blood vessels, leading to 
hj’-pertension (‘‘essential hj-pertension”), hj'pertrophy of the heart, arterial and 
arteriolar sclerosis, and other anatomical changes. He stresses the importance of 
the psychic factor on p. 134, saj’ing: “The majority of patients with hyiiertonicity 
have — as long as they know nothing of their illness — no, or only sliglit, subjective 
sj'mptoms. As soon as thej' learn that their condition is not normal, thej' feel sick, 
complain of their troubles and seek to find complaints. Tliey arc sick norvousl.v 
and should be treated according!}'.” Dr. Pal takes up the symptoms, complications, 
treanient and prognosis, emphasizing- the fact that many membois of hypertensive 
families live to old age. The entire book gives evidence of the author's wide read- 
ing, independent work, and wise clinical viewpoint. 


E. n. 
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ACUTE PULMONARY CONGESTION AND CARDIAC ASTHMA 
IN PATIENTS WITH MITRAL STENOSIS* 

Sylvester McGinn, M.D., and Paul D. White, M.D. 

Boston, Mass. 

A cute pulmonary congestion with or without cardiac asthma is most 
‘ commonly observed with failure of the left ventricle.^ There is, 
however, a much smaller group of patients with mitral stenosis who 
suffer similar attacks, and in such cases the left ventricle is not prima- 
rily involved. The clinical records of patients with mitral stenosis and 
acute pulmonary congestion have been reviewed by us to determine 
what characteristics differentiate this condition from that more frequent- 
ly seen due to left ventricular failure. 

Cardiac asthma is a term applied to a kind of dyspnea peculiar to 
organic heart disease. It is paroxysmal in nature, with distressing 
wheezing respiratory difficulty similar to that seen in bronchial asthma; 
it may or may not be accompanied by the expectoration of blood-tinged 
frothy sputum. Sudden failure of the left ventricle which has been 
weakened by the strain thrust upon it by hypertension, a lesion of the 
aortic valve, or coronary thrombosis causing myocardial infarction is 
primarily responsible for the greater number of cases. As the inefficient 
ventricle fails to expel all of its contents into the general circulation, 
blood piles up in the pulmonary field and through the mechanism of a 
reflex nervous action initiates a paroxysm of rapid breathing accom- 
panied by wheezing (asthmatic) respiration. The attacks usually occur 
at night when the individual is reclining in a horizontal position and 
are due then most likely to the stasis of blood in the pulmonaiy vessels 
as the result of the position and of the diminished output of the weak 
left ventricle during sleep. Cardiac asthma may or may not be asso- 
ciated with moist rales in the lung bases, depending upon whether or 
notjhe failure is of sufficient degree to cause only vascular engorge- 
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ment or whetlier it exceeds this point to produce actual edema and 
hemorrhages into the alveoli. In one of Meriden’s* lectures published 
by Heitz in 1908 it is stated that cardiac asthma is due usually to failure 
of the left ventricle, that in such a condition the lungs are generally 
clear of evident edema, but that there is a type associated with acute 
pulmonary edema in which there are moist rales at the lung bases, 
cough, and expectoration of serous sputum. Riesman* in 1907 described 
acute pulmonary edema occurring at night with or without asthmatic 
breathing, in eases of arteriosclerotic heart disease. 

ACUTE PULMONARY CONGESTION WITH MITRAL STENOSIS 

The literature contains very little concerning the group of cases in 
which there is acute pulmonarj'' congestion, with or without asthmatic 
breathing, as the result of mitral stenosis. 

Vaquez^ has stated that although pulmonary congestion in mitral 
stenosis is usuallj'- a slow and insidious process, there are acute forms 
associated with overexertion ; he erroneously referred to this pulmonarj’- 
congestion as failure of the right heart. In discussing pulmonary edema 
in mitral stenosis, Robinson® said, “Paroxysmal attacks resembling 
asthma are sometimes seen. Cough and expectoration, sometimes bloody 
or blood-streaked, occur. Hemoptysis is not uncommon. ’ ’ Gallavardin® 
in 1921 presented a number of cases to illustrate three types of acute 
pulmonary edema; (1) that in which the left ventricle fails as a result 
of rheumatic myocarditis, (2) that due to chronic mitral and aortic 
endocarditis, and (3) that in which it is secondary to pure mitral 
stenosis. In the second group he presented two cases having mitral 
stenosis and an associated aortic lesion. One was a woman of thirty- 
three years who had had slight attacks when she overexerted herself 
and four severe attacks with expectoration of frothj’- sputum uuthout 
any known provocative cause. The other was a woman fifty-six years 
of age who complained of violent attacks of smothering at night, one of 
which required venesection. In the third group he included four cases. 
The first was a woman thirty-five years old who had nocturnal smother- 
ing immediately on getting into bed, and an hemoptysis once a week 
sufficient to fill a basin. A woman forty-three yeai-s old had severe 
dyspneic attacks after coitus or unusual effort. Another woman thirty- 
five years of age had violent smothering attacks with the expectoration 
of bloody sputum following coitus and rtvice after a warm tub bath. 
The fourth ease was a woman fifty-two years old who had severe attacks 
of dyspnea with expectoration of frothy sputum and a whistling in her 
chest' when she walked fast. All these patients had dyspnea on effort ; 
two had no peripheral evidence of cardiovascular failure ; and digitalis 
failed to relieve the symptoms in three. 

In 1923 Saloz and FrommeP reported the case of a woman thirty- 
seven years old with pure mitral stenosis. She had fallen while hurrj^- 
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ing in the street and was brought into the hospital cyanotic, in a cold 
sweat, breathing rapidly, and with frothy sputum coming from the 
mouth. A venesection proved to be very beneficial for the immediate 
attack, but she died some days later. The post-mortem examination 
showed a mitral stenosis with a large left auricle and right ventricular 
hypertrophy. 

A ease ivith discussion has recently been presented by Thums,® the 
patient being a twenty-eight-year-old man with mitral stenosis who suf- 
fered attacks of rapid breathing, hemoptysis, and jirecordial pressure 
following the exertion of skiing and snowshoeing. He improved while 
on digitalis therapy and abstinence from exercise. 

THE PRESENT SERIES t 

We have reviewed a series of 20 eases of our own showing mitral 
stenosis associated with acute pulmonary congestion. Of this group, 
10 had mitral valve disease alone, whereas the other 10 had a coexisting 
aortic lesion or h 3 ^peil;ension. All of the second group had cai’diac 
astlima, while 5 of the former had definite wheezing, the other 5 having 
severe paroxysmal attacks of dyspnea with hemoptysis or pink frothy 
sputum but without a clear histoiy of wheezing. The average ages of 
the two groups when last heard from was 31.3 and 50 j^ears respectivety, 
half of the patients of the second group being over 50 years of age 
whereas none of the first group had reached their fiftieth year. These 
figures should be contrasted with those in a series of 272 cases of cardiac 
asthma of all etiologies that we have recently reported,^ 90 per cent of 
whom, or 246 patients, were over 50 jmars of age ; 96 per cent, or 260 
cases, of that series showed no mitral stenosis and so may be com- 
pared with interest with the present series of 20 cases ivith mitral 
stenosis (Table I). 

Eight of our 10 patients having mitral stenosis complicated by hj^oer- 
tension or aortic valve disease have died, after an average duration of 
life from the fii’st attack of asthma of 1.9 j^ears. The other two patients 
are in fair health to date, having sursuA'-ed eight j^ears and five j^ears 
respectively, an average of 6.5 j^ears, which exceeds the expectancy of two 
years dei’ived from the anatysis of the above-mentioned group of 272 cases. 
Six of the 10 patients in the group of patients ivitli uncomplicated 
mitral stenosis are living, but their activity must through necessity be 
greatly limited. Their average duration of life since the first attack 
of pulmonaiy edema has been 3.5 j^ears. The average duration of life 
of the four patients Avho have died was 3.9 j’-ears from their first attacks 
of pulmonaiy edema to death. Two of these four patients died during 
attacks of pulmonaiy edema, and the other two died after progressive 
myocardial failure. It is of interest to note that the paroxj^smal attacks 
ceased to recur in 4 of the patients with complicated mitral stenosis, 
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while each of two of tlie xineomplicaled cases had one atlack with heniop- 
t.ysis and thereafter no more attacks. 

Exertion in some fonu or other was the factor pi-ecipilating the at- 
tacks of aciitc pnlmonaiy congestion in 7 of the 10 cases Avith mitral 
stenosis plus strain on the left ventricle and in 8 of the cases Avith pure 
mitral stenosis. A suiwey of our general series of cardiac asthma Avith- 
out mitral stenosis indicated that only 2:1, or 8 per cent, had attacks 
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Aortic insufficiency 
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Auricular fibrillation 
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initiated by exertion, the Amst majority occurring AA'hile the patient AA'as 
in bed and at rest during the night; of those 23 patients 3 had rheumatic 
mitral disease, 5 had luetic aortitis, 4 had arteriosclerotic coronaiy dis- 
ease, and 11 had hypertension. In 12 of those patients the attacks AA^ere 
so frequent as to occur either in the day or in the night. The types of 
exertion most frequently found to pi’oduce attacks in our present series 
of 20 cases AA^ere coitus in 5, bathing in 3, and frequently excitement 
and fast Avalldng. Eh’^e of the uncomplicated cases of mitral stenosis 
had pulmonarj^ congestion Avitli the onset of attacks of paroxysmal 
tachycardia. We belicA^e that this difference in the factors precipitat- 
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ing attacks of acute pulmonary congestion in patients with and without 
mitral stenosis is of special significance. 

The clinical histories show that one of our 10 cases with complicated 
mitral stenosis had frank hemoptysis in contrast to 7 of the 10 un- 
complicated eases, while the presence of frothj^ sputum was noted 6 and 
7 times respectively in the two groups. Angina pectoris coexisted with 
cardiac asthma in 4, and auricular fibrillation in 3, of the eases of our 
group with mitral stenosis and left ventricular hypertrophy, whereas 
none of the 10 patients with uneomiilicated mitral stenosis had angina 
pectoris and 3 had auricular fibrillation. A history of having had either 
rheumatic fever or chorea was noted in the ease of 7 of the patients 
with uncomplicated mitral stenosis and of 6 of the patients with com- 
plicated mitral stenosis. In the latter group aortic stenosis and insuf- 
ficiency occurred together in 4 cases and aortic insufficiency without 
stenosis of clinical importance in 3 ; hjqoertension was present in three. 
Mitral insufficiency’' was noted clinically in 8 . of the eomiilicated case^ 
and in 3 of the uncomplicated series. 

Clinical or roentgenographic studies presented evidence indicating 
left ventricular hypertrophy^ in all the eases having hy^iertension or 
aortic disease associated -with the mitral stenosis. X-ray’- evidence was 
available in 8 of the other 10 cases, and all showed "mitral shaped” 
hearts with enlarged left auricles and pi’ominence in the region of the 
pulmonary’- conus. General enlargement of the heart was seen in 4 of 
these cases, but it was thought to be of lught-sided origin, and in no 
ease was left ventricular enlargement noted. Neither of the remaining 
2 eases of uncomplicated mitral stenosis showed enlargement of the heart 
to the left by’- percussion in the fifth intercostal space. Niue patients 
in the group with mitral stenosis complicated by another lesion had 
electrocardiograms taken, three of which showed auricular fibrillation 
and two showed an abnormal axis deviation, to the left in both instances. 
Electrocardiograms were also made on 9 of the patients with uncom- 
plicated mitral stenosis, two of which showed auricular fibrillation, one 
auricular flutter, four large P -waves, and 5 a right axis deviation. 

Postmortem Examinations of Cases With Vncomplicated Mitral Stenosis . — Three 
hearts of the 10 eases of our series with wircomplieated mitral stenosis were examined 
post-mortem. 

Tlie first of the post-mortem examinations was made on a man thirty-two years old, 
who died six hours after the onset of acute pulmonary congestion. The heart weiglied 
560 grams. The right ventricular wall thickness varied between 5 and 8 mm. in 
thickness, while the left ventricular wall was 10 mm. in thickness. The left ventricle 
n as full-sized, the left auricle considerably dilated, and the chambers on the right 
side were markedly dilated. The mitral valve was noted as being button hole in 
type with fibrocalcareous changes; the opening measured 1% cm. by 5 mm. The 
aortic valve was normal. Edema of the lungs was present, the pulmonary tissue being 

described as of spongy consistency and salmon, colored in appearance. The liver 
was small. 
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The second case 'was that of a thirty-hve-year-old ■woman who died with acute 
pulmonary edema. The heart weight was 325 grams; the right ventricular wall 
measured 10 mm. in thichnesSj and the left ventricular wall measured only 11 mm. 
The mitral valve was markedly stenosed, measuring only 3.3 cm. in circumference; it 
was not calcified. The aortic valve was negative. Pulmonary congestion was present 
in the lungs, which had large acrepitant areas. 

The third case was that of a twenty-eight-year-old man who died after six weeks 
of progressive failure. The heart weight was 528 grams, and the right and left 
ventricular walls measured 6 mm. and 10 mm. respectively. There Avas slight dilata- 
tion of the left ventricle and considerable enlargement of the left auricle and of the 
chambers on the right side of the heart. The mitral valve consisted of a fibro- 
calcareous mass surrounding a crevicelike slit. The aortic valve was normal. The 
lungs were voluminous, of a leathery consistency, and yielded a moderate amount 
of frothy fluid. One pulmonary infarct was noted. The liver was of firm con- 
sistency and had a nutmeg appearance. 

DISCUSSION 

Gallavardhi® believed tliat acute iiultuonaiy edema took place as a 
consequence of the failure of the left auricle in cases of uncomplicated 
mitral stenosis. He observed that these attacks occuiTed only ■svhen there 
was a noiTual rhjdhm of the aui-icles and when they were not tremen- 
dously enlarged. In our eases which con-espond to his, one had auricular 
flutter, 3 had auricular fibrillation, and 5 had attacks of acute pulmo- 
nary congestion with paroxysmal auricular tachycardia or fibrillation. 
X-raj’’ films showed left auricular enlargement in all of our 8 patients 
with uncomplicated mitral stenosis who had roentgenograms made. 

The theory of Saloz and FrommeT with regard to acute pulmonarj’’ 
edema consequent to mitral stenosis is that there is a failure of the left 
ventidcle. Their conception of the mechanism Avas based upon the ex- 
perimental work of Hendei'son and Pi-ince,® Avho demonstrated the closely 
controlled relationship betAveen the right and left A'enti'icles. The Avoxh 
consisted of measuring the systolic outputs under various pressures in 
the cat’s heart, and the inference draAvn Avas that the greater the pres- 
sure in the pulmonary circuit the greater Avould be the sj’-stolic output 
of the left Amntricle; hence great pxdmonaiy congestion would be in- 
hibited. It Avas also shoAvn that AAdien the pressure in the inilmonary 
vessels was Ioav, the output of blood per beat of the left A^entricle Avould 
be diminished and thus desanguination of the lung’s Avould be aAmided. 

One factor is present, however, in the jiroblem under discussion to 
Avhich Saloz and FrommeT failed to gWe full consideration, and that 
is the effect of mitral stenosis on the normal flow of blood. Henderson 
and Prince® observ'^ed that the pressures described in their work on the 
hearts of normal cats were not invariable and depended to a great degree 
on the tonus of the heart and the integidty of the AmHes. The hjqier- 
trophy and dilatation of the left auricle and of the right chambers in 
mitral stenosis are strong evidence that this lesion (mitral stenosis) 
disturbs the equilibrium existing between the greater and lesser eir- 
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culations and tends to prevent the left ventricle wliicli may be of normal 
size and tonus from fulfilling its usual performance of work and send- 
ing out a normal amount of blood. 

There are certain features that distinguish acute pulmonaiy conges- 
tion when mitral stenosis is present from that in which there are h3q3er- 
trophy, dilatation, and failure of the left ventricle. The burden of the 
strain imposed by the stenosis of the mitral valve is borne bj’’ the left 
auricle, the pulinonarj^ vessels, and the right heart. As might be ex- 
pected, the incidence of a rheumatic infection is high in those cases with 
mitral stenosis, occurring in 13 of onr 20 cases, which figure compares 
with that of onlj’’ 11 patients thought to have had rheumatic heart 
disease in our previously reported series of 260 cases of cardiac asthma 
without mitral stenosis. 

Acute pulmonaiy edema with uncomplicated mitral stenosis appears 
at an earlier age, and the prognosis is better for duration of life than 
in the cases with left ventricular enlargement and failure. Frank 
hemoptysis also is more common in cases of uncomplicated mitral stenosis. 
Exertion or paroxysmal tachj’-cardia is the precipitating factor of the 
pulmonary congestion in nearlj’- every case of uncomplicated mitral 
stenosis'; without tachj’-eardia the patient is free from attacks. It is a 
striking fact that digitalis fails to be as beneficial in this group in which 
there is mechanical difficulty as it is in those cases with left ventiucular 
strain and failure. 

Oppenheimer and Schwartz’^® have recently reported 3 cases having 
paroxj’-smal pulmonar}'- hemorrhages, the patients being jmung indi- 
viduals with mitral stenosis and without any known cause for left- 
sided hypertrophjL A post-mortem examination was made on one of 
the cases. Palpitation ivas a common sjanptom jireceding the d 3 ’'spneic 
spells, two of which were accompanied bj^ asthmatic breathing, and 
pulse rates of 170, 160, and 140 were noted during attacks in the three 
patients. Electrocardiograms on one patient were reported as in- 
variablj^ showing a normal sinus rhjrthm. 

Our conception as to the mechanism producing acute pulmonaiy 
congestion differs from those given above. We believe that when the 
heart is speeded up by effort, excitement, or paroxysmal tachjmardia, 
the strong enlarged right ventricle of these hearts with mitral stenosis 
but without heart failure expels more blood into the pulmonarj'’ cir- 
culation than can be passed through the stenosed mitral valve in the 
same unit of time. Cardiac asthma may or may not appear at this 
time ; the process may proceed to excessive formation of edema giving 
moist rales, to frank hemoptysis, and even to death. This theory is 
in accord with the ideas of Wenckebach, Shellong, and Thums, who 
have considered the importance of the ly^peractivity of the right ven- 
tiicle in such cases. Failure of the right ventricle may occur second- 
arily, with a consequent tricuspid insufficiency and a backing up of 
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the blood peripherally into the neck veins and into the liver, with 
relief of the intense pulmonary congestion. An alternative, less plau- 
sible, explanation of acute pulmonary congestion with mitral stenosis 
is that the left ventricle in such cases, small or of normal size and un- 
accustomed to expel much blood because of its underfilling resulting 
from the obstruction due to the marked mitral stenosis, fails abruptlj’’ 
when it is suddenly supplied with an increased volume of blood, the 
surplus remaining behind to cause the pulmonary congestion. If, how- 
ever, the mitral stenosis is of sufficient degree in these cases to iirevent 
an adequate amount of blood from entering the left ventricle at ordi- 
nary heart rates, it is extremely unlikely that this same obstruction 
will fail to protect the left ventricle from any gross oversupply of 
blood when the heart is beating rapidly. The left ventricle in such 
cases should, like the left ventricle in the nonnal heart, be able to deal 
with the increase in blood supplied to it at increased heart rates, since 
the left ventricle itself is not diseased (as indicated by the post- 
mortem examinations of the three eases referred to above) and since 
the extra volume of blood will not be as great as that which would 
result from tachycardia in a heai't without the obstruction of mitral 
stenosis. The normal left ventricle does not fail when it is temporarily 
given more blood during tachycardia. 

In cases of mitral stenosis associated with an enlarged and dilated 
left ventricle due to S3''stemic hypertension or to an aortic valve lesion, 
we may assume that either or both of the above described mechanisms 
causing acute pulmonarj’- vascular congestion may be eft’ective. A pa- 
tient having such lesions may have attacks of acute pulmonary con- 
gestion with hemoptysis following exertion at an early stage and 
later have similar attacks with frothy sputum rather than hemoptysis 
coming on while at rest, especiallj'' in sleeji (ive have noted tlii’ee such 
cases). 

SUMMARY 

We have made a studj^ of 20 cases of mitral stenosis with attacks of 
acute pulmonary congestion ivith or without cardiac asthma; 10 were 
uncomplicated and 10 were complicated by factors (aortic valve disease 
or hypeidension) causing strain on the left ventricle. We have com- 
pared the findings in these groups mth those in a group of much moi'e 
common cases, namely, those of acute pulmonary vascular congestion 
with cardiac asthma without mitral stenosis. Three of the 10 eases with 
uncomplicated mitral stenosis were examined after death. 

In the large group of cases with left ventricular strain and failure, 
acute pulmonarj'’ congestion is found in older pei’sons, comes on most 
often while the patient is at rest, has a poor prognosis, but may be suc- 
cessfully treated for a while with digitalis and diuretics. Here the 
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acute pulmonaiy congestion evidently results from a backing up of 
blood in the pulmonary vessels due to tbe inability of tbe left ventricle 
to expel its full contents. 

In tbe small group of cases of uncomplicated mitral stenosis, acute 
pulmonary congestion is observed in younger patients ; tbe attacks are 
precipitated by exertion or paroxysmal tachycardia and are often ac- 
companied by frank hemoptysis ; tbe prognosis is more favorable than 
in most other cases of cardiac asthma, although digitalis and diuretics 
are of less value. Here the best explanation of the acute pulmonary 
congestion is that when the heart is stimulated to greater work, the 
hypertrophied and dilated right ventricle propels more blood into the 
pulmonary vessels than can pass through the stenosed mitral valve in 
the same unit of time, Avith a consequent acute pulmonary congestion. 

The case reports upon -which this study is based -will be published with the reprints 
of this article. Reprints may be obtained from the authors on request. 
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HUGE T- WAVES IN PEECOEDIAL LEADS IN CAEDIAC 

INPAECTION^' 


Francis Clark Wood, M.D., and Charles Christian Wolferth, M.D. 

Philadelphia, Pa. 

T he electrocardiographic study of acute coronary occlusion with 
chest leads is bringing to light certain new features. One of the 
phenomena which has interested us recently is the occurrence of huge 
T-waves in precordial leads in this disease.^’ - The present paper is a 
report of seven eases showing this finding. 

Six of the seven eases showed huge upright T-waves in Leads IV or 
V,t which exceeded 13 mm. in amplitude. One case showed a very 
large inverted T-wave in Lead V, 19 mm. deep. The electrocardio- 
graphic string deflection was standardized carefully in each instance, 
and skin resistance was kept low, so that no “overshooting” occurred. 
Therefore Ave feel confident that this electrocardiographic phenomenon 
cannot be attributed to an artefact. 

The occurrence of large T-ivaves in limb leads in coronary occlusion 
has. been noted by several observers, among others Levine and BroAvn,® 
Katz and Bohning,'* and Cooksey In some cases these waves have a 
quite distinctive appearance. In others, they look like large normal 
T-Avaves. 

The huge inverted T-Avaves A\Iiieh appear in Lead V of Case 7 do not 
differ greatly from those seen in certain patients Avithout coronary occlu- 
sion. We have seen a T-AvaA^e in Lead V, 13 mm. deep in a presumably 
normal college student.® However, AAlien these huge Avaves are upright 
in direction (Cases 1 to 6) they present an appearance AAdiieh differs 
distinctly from anjffhing Ave liaA^e seen in a sei'ies of 550 controls.^ We 
therefore consider the huge upright T-Avave in Lead IV or V an impor- 
tant diagnostic feature of acute or subacute cardiac infarction. 

Fairly large upright T-Avaves often appear in precordial leads during 
the healing of an anterior cardiac infarct.^ HoAvever, among a group 
of 78 patients Avith acute coronary occlusion, Avhich has been studied 
Avith chest leads,’^ these 6 are the only eases in AAhich the T-Avave in Lead 
IV or V has exceeded 10 mm. in height. 

*From the Edward B. Robinette Foundation, Medical Division, Hospital of the Uni- 
versity of Pennsylvania. 

tThe various chest leads are designated by the numbers lA'’, V and VI as in a 
previous communication.^ 

tThe controls consist of 200 patients with various types of cardiovascular disease, 
and 350 patients in whom no evidence of heart disease could be elicited. Two hun- 
dred and fifty of the latter are college students.® 
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CASE REPORTS 

Case 1. — W. S., a man of fifty-seven years, was well until Sept. 28, 1932. That 
morning at 9 A.M., as he was Avalking out of his front door preparing to go to 
work, he Avas seized with a “terrible” pain across the left side of the chest in 
the region of the nipple. He Avent to bed, took some hot Avater, and in fifteen 
minutes the pain began to abate. As he started doAAUistairs once more, he experi- 
enced another similar attack. He lay doAvn and took some more hot Avater. In 
tAventy minutes this attack subsided, but a soreness persisted in his chest for an 
hour longer. He then Avent to Avork on his butter and egg route. At 3:30 P.M. 
the pain began again. He went home and after an hour this third attack Avore 


B 



Fig-. 1 . — Electrocardiograms of Case 1. The various chest leads are designated by 
numbers rv, V, and VI as in a prcAdous communication.^ The anterior electrode in 
Leads IV and V was placed in the fourth left intex-space, 4 cm. from the sternum. 

A, Tracing taken on Noa\ 3, 1932, fiA'e weeks after the onset. Tt is inverted, T- 
and Ts are quite lax'ge. Tx is -118 mm. Ts is -122 mim The QRS complex in Leads IV 
and V is M-shaped, I’esulting from small upward deflection,' preceding the initial down- 
Avard deflection. The BS-T intei'val is slightly elevated in Leads IV and V. No other 
chest leads Avere taken on this date. 

JB, Tracing taken on April 17, 1933, seven and a half months after the onset. The 
QRS complexes are somcAAdiat similar to those of Nov. 3. The T-waves have changed ■ 
markedly. The huge T-waves in Leads lA’" and A' have disappeared and Ti has be- 
come upright. Moving the anterior chest electx-ode to a point over the apex-impulse 
caused a slight reduction in size of the initial upward deflection of QRS in Leads IV 
and V, but did not change the T-waA^es. 

taken on Dec. 28, 1933, Definite changes are evident. The only ab- 
normalities remaining in the electrocardiogram are a left axis deviation, slight slur- 
ring of QRS, especially in Lead II, and an initial upAA'ard deflection of QRS in Lead 
♦'iL ! w’™; electrode to the apex and beyond caused 

tlie initial upward deflection of QRSs to disappear, hut did not alter the T-waves 
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off. The next day he went to work and has continued liis occupation since that 
time. He says, however, that he felt “washed out” for two months. After De- 
cember, 1932, he felt well, except for attacks of intermittent claudication induced 
by w^alking seven or eight blocks. These attacks are more marked in the right 
leg. He was last seen on Dec. 28, 1933. He had experienced a few mild anginal 
attacks induced by effort, during the preceding montli. 

This patient first came to the cardiac clinic of the Hospital of the University 
of Pennsylvania on Oct. 31, 1932, about five weeks after the onset. He uas a 
well-nourished male. The blood pressure was ICO mm. systolic and 95 mm. diastolic. 
The heart was normal in size and shape (orthodiagram). There were no signs of 
congestive failure. Auscultation revealed a harsh systolic murmur at the apex, 
a softer systolic murmur at the base, and an accentuated second sound. The sounds 
were sbghtly distant. The blood count and urine analysis showed normal findings 
(WHO were 7,300). The blood Wassermann reaction was negative. During his 
last visit on Dec. 28, 1933, the blood pressure was 120 mm. systolic and 85 mm. 
diastolic. The heart sounds were normal except for a rather rasping reduplication 
of the first sound at the apex. No other changes were noted in the general physical 
examination or orthodiagram. 

Electrocardiograms (Fig. 1) were taken on Nov. 3, 1932, April 17, 1933, Dec. 
28, 1933. The first tracing, five weeks after the onset, showed an inverted T-wave 
in Lead I and huge T-waves in Leads IV and V. The second tracing showed a 
disappearance of the huge T-waves and certain other changes in the ventricular 
complexes. The last tracing showed a normal electrocardiogram except for slurring 
of the QES complex in Lead II, left axis deviation, and an upward deflection pre- 
ceding the downward deflection of QES in Lead V. 

Summary: A fifty-seven-year-old man suffered three severe attacks of precordial 
pain on Sept. 28, 1932. On Nov. 11 while the patient Avas still feeling below par, 
the electrocardiogram showed huge T-Avaves in Leads IV and V. These large AA'aves 
disappeared subsequently. The electrocardiogram a year later shoAA’ed normal 
T-Avaves and a few slight abnormalities of QES. 

Case 2. — W. M. B., AA'hose case has been reported,* aa'us a. man of fifty-four 
years, who had attacks of pain oA-er the heart on Oct. 12 and on Dec. 22, 1932. 
He died Dee. 30, 1932, in a third severe attack Avhich began on Dec. 28. Necropsy 
shoAved an infarct in the anterior surface of the left ventricle. The electrocardio- 
gram on Dec. 24 showed huge T-Avaves in Leads TV and V, 15 mm. high. 

Case 3. — ^M. G. was a man of fifty years of age. Since 1929 he had experienced 
attacks of dull pain in the ulnar side of the left forearm radiating up to the 
shoulder and to the preeordium. The attacks Avere induced by effort, emotion and 
the ingestion of food. They Avere relieved by rest and relaxation. On Eeb. 17, 
1933, at 7 A.M., shortly after arising from bed, he Avas seized AA'ith a severe agoniz- 
ing pain in the left forearm, Avhich rapidly extended up the arm and into the 
precordimn. It was partly relieved by morphine after thirty minutes, but it re- 
turned and persisted as a rather seA'ere dull ache for tAventy-four hours. He Avas 
admitted to the Hospital of the University of Pennsylvania, on the serAUce of 
Dr. Alfred Stengel on Feb. 17. The blood pressure Avas 120 mm. systolic and 
80 mm. diastolic. The heart sounds Avere distant'; the left border of the heart 
was 10 cm. from the midsternal line; there Avere no signs of congestive failure. 
The nex t day, fever (102° F.) and leucocytosis (12,300) appeared. Slight fever 


•See Reference 1, Case 19, Chart 4. 
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persisted for ten days. The leucocyte count reached 20,000 ou Feb. 19 and sub- 
sided to normal on Feb. 27. The blood pressure dropped to 100 mm. systolic and 
70 mm. diastolic on Feb. 19, and a few rales appeared at the right base. He 
gradually improved and was discharged on April 8. During his stay in the hos- 
pital he suffered frequent attacks of moderately severe aching pain in the region 
of the left elbow, every day or two, for six weeks. The most severe attack occurred 
on March 16 and lasted several hours. No pain was felt in the precordium after 
the first twenty-four hours of hospitalization. On Feb. 18 urinary retention neces- 
sitated catheterization. This was follorved by a relatively mild urinary tract in- 



Fi&. 2. — Electrocardiograms of Case 3. The patient had an attack of probable 
coronary occlusion on Feb. 17, 1933, beginning at 7 a.m. The chest leads in this flg^ 
ore were taken with the anterior electrode at the apex impulse, and the posterior 
electrode in the usual position at the angle of the left scapula. ; 

A, Tracing taken on Feb. 17 at 5 p.m. The BS-T interval is slightly depressed in 
Lead I. QRS. and QRSj are somewliat M-shaped. No RS-T interval deviations 
could be elicited in the chest leads, although the anterior electrode was moved to 
various positions on the precordium and beyond the apex impulse. 

typical signs of an acute anterior infarction 
are present is inverted. The initial downward deflection of QRS in Leads IV and 

interval in L^ads IV and V is depressed below the isoelectric 
were takL^' beginning to turn upward. No other chest leads 

Js deeply inverted. The initial downward de- 
Et leaL^wfre tS!® absent. T, is mni. Ts is -H2 mm. No other 

taken on Jan. 6, 1934. The signs of an old anterior infarct are still 
present Other tracings taken with the anterior electrode on the fourth left rib 4 cm 
t stei-nuni showed an M-shaped QRS complex, but no difference in T-waves" 
(The tracing labelled “Lead I" is Lead IL and vice versa.) "‘‘i-erence in i wa\es. 
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feetion. On. Maxell 23 lie suffered a right hracliial cmholiis, the symptoms of wliicli 
■were not particularly disturbing. 

After discharge on April 8 he lived a fairlj- restricted life and felt quite com- 
fortable. When last seen Jan. C, 1934, ho was working as a tailor. His attacks 
of effort angina had become more frequent, and more readily induced since Novem- 
ber, 1933. The blood pressure was 140 mm. systolic and 80 mm. diastolic. There 
was moderate enlargement of the heart (orthodiagram). There were no signs of 
congestive failure, and no significant murmurs; the heart sounds were distant. 

Eepeated electrocardiograms were taken (Fig. 2). Tlie first, on the day of 
onset (Feb. 17, 1933) showed no very definite ES-T interval deviations. The main 
abnormality was an absence of the initial downward deflection of QES in Lead 
IV; the T-waves were upright in tlie limb leads and not largo. On Feb. 20, T, 
was inverted (-1 mm.) ; and Lead IV showed the signs of recent infarction in 
the anterior surface of the loft ventricle.^ On Feb. 28, T, was more deeply in- 
verted (-3 mm.) and T^ was G mm. high. On March G, T, was still -3 mm. and 
T, was -HO mm. On March IG, T, was —4 mm. and T^ was + 14 mm. On March 
28, T, was -3 mm., T^ was 4-14 mm. On Jan. G, 1934, the signs of an old infarct 
in the anterior surface of the left ventricle were still present ; T, was -H mm. 
and Q, was absent. From results which we have obtained in subsequent patients, 
we are inclined to believe that a much larger upright T-wavc in Lead IV might 
have been obtained on Feb. 28 and thereafter, by varying the position of the 
anterior chest electrode. (See Fig. G.) 

It is not entirely clear in this case, how much of the fever and leucocytosis was 
due to the urinary tract infection. Nevertheless, there is little doubt that the patient 
suffered a coronary occlusion, possibly a slowly developing occlusion, beginning 
on the morning of Feb. 17, 19.33. 

Summary: A fifty-year-old man, who had previously suffered from effort angina, 
developed the sjTuptoms and signs of a coronary occlusion on Feb. 17, 1933. Huge 
upright T-waves appeared in Load H’", several weeks after the onset, and disap- 
peared subsequently. 

Case 4. — S. B., a woman of sixty-five years, had been known to have a blood 
pressure exceeding 200 mm. sj-stoEc and 100 mm. diastolic for at least seven months 
prior to her present Elness. She had suffered a few mild anginal pains during 
this seven months’ period. On March 11, 1933, she was admitted to the Hospital 
of the University of Pennsylvania, on the service of Dr. Alfred Stengel. That 
morning, without warning, the patient had suffered a severe attack of pain over 
the heart and in the left hjqpochondrium, referred to the left shoulder and arm. 
Both arms felt numb. Extreme weakness, trembling and profuse perspiration oc- 
curred, and the patient felt very cold and faint. On admission, the blood pressure 
was 140 mm. systolic and 70 mm. diastolic. The heart sounds were distant, gallop 
rhythm was heard at the apex, and occasional extrasystoles were noted. There 
was slight dyspnea, some pallor, and moist coldness of the skin. The lips were 
slightly cyanosed. Eales were noted at the lung bases. The acute pain persisted 
for eight hours; a residual soreness remained for twenty-four hours. During the 
first six weeks of her stay in the hospital she suffered repeated attacks of dull 
pain over the heart and in the left hypochondrium. Fever (100° F.) was present 
on March 12, and disappeared the next day. Eecurrent elevations of temperature 
appeared between April 5 and 16. She remained afebrile after that time. The 
only elevated leucocyte count was 11,400 on March 12. The lowest blood pressure 
recorded was 90 mm. systolic and 60 mm. diastolic on .the afternoon of her admis- 
sion, March 11. It then rose to 110 mm. systolic and 70 mm. diastolic and remained 
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The largest T-waves 


Pig. 3. — ^Electrocardiograms of Case 4. The patient had an attack of cardiac pain 
on March 11, 1933. All the tracings in this figure, except when othemise stated, were 
taken with the anterior chest electi-ode at the apex impulse. ‘ ‘ 

were obtained from a point 3 cm. to the left of tlie apex. 

A Tracing taken March 11. Lead I shows a slight ES-T interval elevation. Lead 
n shows an inverted _T-wavc. Lead IV shows a small initial downward deflection of 
QRS. a slight depression of the RS-T interval, and a diphasic T-wave. Lead V shows 
an Al-shaped QRS complex. Leads IV (t and "V a were taken with the anterior elec- 
trode 4 cm. to the left of the apex impulse. They show marked differences from Leads 
IV and V, which were taken from the apex. 

inverted T-waves have appeared in Leads I 
Huge upright T-waves are present in Leads IV and V, 24 mm. and 18 

is M’ighUy elevS*”® inverted. The RS-T interval in Leads IV 

C, Tracing taken March 20. All the T-waves are smaller 

taken April lO. All the T-waves have become large once more resem 
bling those on March 13. By May IG the T-wave had again bec^omc quita small. ^ 

has^peTsfstad^ ^ deviation is the only abnormality which 


mm. 
and V 
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below 160 mm. systolic throughout her hospital stay. She was last seen on Jan. 
6, 1934. The blood pressure at that time was 220 mm. systolic and 80 mm. diastolic. 
She was still experiencing mild anginal pain from time to time but was quite 
comfortable on a limited schedule of activity. 

Many electrocardiograms were taken (Mg. 3) March 11, 12, 13, 15, 20, 28, 
April 10, 20, May 4, 16, 1933, and Jan. 6, 1934. On the first day the tracings 
varied considerably, depending upon the position of the anterior electrode on the 
chest, but the T-waves were not especially large. Slight ES-T interval deviations 
appeared in Leads IV and V. On March 12, the tracing had changed markedly. 
Huge upright T-waves had appeared in Lead 18 mm. high, which were largest 
with the anterior electrode placed just to the left of the apex. On March 13, 
T^ reached 24 mm. in height. On March 20, it was smaller; on March 28, again 
somewhat larger. On April 10, it was again huge (25 mm. high). It then gradually 
became smaller until on May 16, just before discharge, it was no more than 5 mm. 
in height. The final tracing, taken on Jan. 6, 1934, was practically normal in all 
leads except for left axis deviation. 

Summary: A woman of sixty-five years experienced severe pain over the heart 
on March 11, 1933. Huge T-waves appeared in Lead TV on March 12 and per- 
sisted more or less for five weeks. The tracing at present, Jan. 6, 1934, is normal 
except for left axis deviation. 

Case 5. — ^Mrs. E. B. was a mildlj' diabetic woman of sixty-three years, who was 
admitted to the Hospital of the Hniversity of Pennsylvania, on the service of Dr. 
Alfred Stengel on July 26, 1933. She was thought to be suffering from chole- 
lithiasis on account of severe epigastric pain radiating to the back, and on account 
of the finding of a large gall stone by x-ray examination, '' probably impacted in 
the cystic duct.’’ However when an electrocardiogram was taken on July 29, a 
review of her history elicited the following facts: Since the first of June, 1933, 
she had suffered attacks of pain in the left side of the epigastrium, radiating to 
the region of the fourth dorsal vertebra. These attacks were induced by effort, 
and relieved by rest. On July 15 she had a severe attack of pain in the same 
regions, not induced by effort, lasting two hours. On July 24 another prolonged 
seizure took place. On July 27 the third attack occurred, while she was in the 
hospital. It lasted three hours and required morphine (gr. %) for relief. 

On admission, July 26, the blood pressure was 190 mm. systolic and 90 mm. 
diastolic. There was moderate cardiac enlargement (orthodiagram). No mur- 
murs were heard. No signs of congestive failure were observed. On July 27 
cyanosis of the Eps and extrasystoles were noted. Slight fever appeared (100° P.) 
and persisted for three days. On July 29 the blood pressure was 90 mm. systolic 
and 60 mm. diastolic, and a few basal rales were heard. The leucocytes were not 
counted during the febrile period. Before and after this period they were within 
normal limits. The blood pressure varied between 120 mm. and 160 mm. systolic 
and 80 mm. to 90 mm. diastoEc for the next week; then it became stabilized more 
or less in the ^-icinity of 160 mm. systolic and 80 mm. diastolic. The patient was 
discharged Aug. 28 to return to her home for further convalescence. During Sep- 
tember she had another attack of probable coronary occlusion. On Oct. 20 she 
died at home in an attack, more severe and more prolonged than any previous 
seizure. Permission for necropsy was not obtained. 

Electrocardiograms were taken on July 29, 31, Aug. 7, 16, 28 (Pig. 4). On 
July 29 Lead IV showed a T-wave 15 mm. high. By July 31 the T-waves in the 
limb leads had become much smaller, and T^ was only 6 mm. high. Large T-waves 
in Lead IV were not seen in any subsequent tracing. 
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Smnmary: A mildly diabetic woman of sixty-three years suffered severe attacks 
of pain in the left hypochondrium on July 15, 24, and 27, 1933. The electro- 
cardiogram changed rapidly from day to day, after it was first taken on July 29. 
Huge T-waves were present in Lead IV on July 29 and disappeared shortly after- 
ward. The patient died Oct. 20, 1933, presumably of coronary occlusion. 


A B 



Pi&. 4. — Electrocardiograms of Case 5. The patient suffered attacks of cardiac 
pam on July 15, 24, and 27, 1933. All chest leads were taken with the anterior elec- 
trode at the apex impulse. No other chest leads were taken in this case. 

A, Tracing on July 29, two days after the last attack of pain. Ti is diphasic. 
T 2 and T 3 are deeply inverted. T 4 is +15 mm. Ts is +9 mm. Te is deeply inverted. 
The QRS complexes in Leads IV and V are quite different. The RS-T interval is prac- 
tically on the isoelectric line. 

Tracing taken July 31. The large T-waves in all leads have disappeared. 
QRSi has changed its direction. T 4 and Ts are still upright but much smaller. 

Case 6. — W. was a man of fifty-six years. He began to have attacks of 
severe pain in the lower sternal region on Kov. 1, 1933. The seizures were usually 
related to eating. They began as a drawing sensation which soon developed into 
a severe viselike constriction, lasting as a rule about thirty minutes. He had 
six Such attacks during November. He was hospitalized at the Mount Sinai Hos- 
pital on Nov. 27, but signed his release on Dec. 10 because he felt well and had 
experienced only two mild attacks during his two weeks’ stay in the hospital. On 
Dec. 12, he had the most severe seizure of all, during which he coughed up some 
blood-streaked sputum. Three doses of morphine (amount unknown) were required 
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to relieve the pain. He was admitted to the hospital of the University of Penn- 
sylvania, on the service of Dr. Alfred Stengel on the day of this last attack. 
The only other noteworthy features of his past history were the use of alcohol 
daily (8 oz.) for some years, and attacks of intermittent claudication in the left 
leg since 1925. 



Pig’. 6. — Blecti'ocardiograms of Cases 4 and 6. sho’wing the maiked differences pro- 
duced in the chest lead tracings hy varying the position of the anterior chest electrode. 

A., Electrocardiograms of Case 4, taken March 12. IV a is Lead IV with the an- 
terior chest electrode on the fourth rib 4 cm. to the left of the sternum. IV b is 
Lead IV with the anterior electrode 3 cm. to the left of the apex impulse. V a and 
V b are Lead V taken with the anterior electrode in the same positions as in taking 
IV a and IV b. Marked differences were produced, both in the QRS complexes and 
the T-waves, hy moving the position of the anterior electrode. In this case the "huge” 
T-waves were obtained from a point 3 cm. to the left of the apex impulse. They were 
not seen when the anterior electi-pde was placed on the fourth rib, 4 cm. to the left 
of the sternum. 

■B, Electrocardiograms of Case 6 taken Dec. 12. All the tracings were taken with 
Lead IV, the anteroposterior chest lead. Since Lead V was almost identical, it has 
been omitted from this figure, a. Anterior electrode on the fourth rib, 4 cm. to the 
left of the sternum ; b, anterior electrode at the apex impulse ; c_, anterior electrode 
4 cm. above the apex impulse ; d, anterior electrode 4 cm. to the left of the apex im- 
pulse. 

Case G differs from Case 4 in that the T-waves were the largest when the an- 
terior electrode was placed over the fourth rib, 4 cm. to the left of the sternum. They 
were tlie smallest when the anterior electrode was placed 4 cm. to the left of the 
apex impulse. 
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On admission the patient showed slight cyanosis of the lips. The temperature, 
pulse, and respirations were normal. There Avas a difference of blood pressure in 
the tAvo arms, the right being 74 mm. systolic and 62 mm. diastolic, and the left 
142 mm. systolic and 68 mm. diastolic. No pulses could be felt in the arteries of the 
feet. The lower extremities were cold. The heart sounds AA'ere not particularly 
abnormal. There A\'as no demonstrable enlargement of the heart. A few rales were 
heard at the left base. A tentathm diagnosis of coronary occlusion and Buerger’s 
disease was made. 

On Dec. 15, 1933, the temperature reached 99° P. on tAVO occasions. On Dec. 23 
it reached 100° P. At other times it has been normal. The leucocyte count reached 

12.000 on Dec. 18, 1933, on Jan. 2 and 15, 1934. At other times it has varied from 

7.000 to 10,000. Despite continued rest in bed the patient suffered repeated attacks of 
severe substernal pain every tAvo or three days from the time of admission until 
Jan. 17. On that day he had a seizure lasting three hours. Since then he has been 
free from pain. These attacks have been associated with an elevation of the blood 
pressure from its usual level of 130 mm. systolic and 70 mm. diastolic, to 170 mm. 
to 180 mm. systolic and 90 mm. to 110 mm. diastolic. Electrocardiographic changes 
were noted during the last paroxysm, which disappeared after the pain had sub- 
sided. Morphine was usually necessarj' during the attacks. Nitroglycerin gave no 
relief. 

The electrocardiograms are shown in Pig. 5. The first tracing, obtained from 
Dr. Joseph Edeiken, taken on Dec. 6, showed evidence suggesting a healing infarct 
in the anterior surface of the left A-entricle. The second tracing (Dec. 12) shoAved 
huge T-waves in Lead Tl’', 20 mm. high. By Dec. 15 the huge T-Avaves had disap- 
peared and certain changes had occurred in the limb leads. Tracings on Dec. 18, 
and 21, 1933, and Jan. 17, 22, and 26, 1934, have not sIioaati huge T-waves. 

Summary: A man of fifty-six years with probable thromboangiitis obliterans 
suffered recurring pains over the heart, beginning on Nov. 1, 1933. After a very 
severe attack on Dec. 12 he Avas brought to the hospital. On that day the T-waves 
in Lead IV Avere 20 mm. high. Three days later the huge T-Avaves had disappeared. 

Case 7. — S. B. Avas a man of fifty-three years AA’ho had been Avell until Sept. 15, 
1933. On that day while AA’orkiug as a “mattress maker,” he noticed a heavy ach- 
ing discomfort in both AA’rists, and a “queer” indescribable sensation in the lower 
substernal region. He sat doAvn and the discomfort passed off in about an hour, 
leaA-ing no noticeable after-effects. The next day at 11 A.ii., he noticed a queer 
“jumping feeling” near the xiphoid. Soon the same heavy ache appeared in both 
Avrists, and a severe pain developed in the loAver sternal region. He felt weak, faint, 
and dizzy. The severe pain lasted tAvo hours. After that it recurred each time he 
made the least physical effort. He did not go to bed. Since then he has had sub- 
sternal pain on moderate effort, relieved by rest. 

He AA-as studied at the Mount Sinai Hospital from Oct. 25 to Dec. 7, 1933, on 
the serA-ice of Dr. Eubenstone. Ho had no fever, no leucocytosis, no abnormalities 
of heart sounds, and no cAudence of congestive failure. The blood pressure was 
125 mm. systolic and 70 mm. diastolic. A tonsillectomy was performed on Dec. 1, 
1933. 

He AA-as seen by us on Jan. 27, 1934, through the kindness of Dr. Joseph Edeiken. 
His exorcise tolerance had improved so that he could walk three blocks. The sub- 
sternal pain induced by effort radiated to the right side of the chest and right 
shoulder, rather than to the left. The blood pressure Avas 130 mm. systolic and 
80 mm. diastolic. There AA-erc no neAV physical signs. The orthodiagram showed 
slight enlargement of the left ventricle. 
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The electrocardiograms are shown in Fig. 7. The first tracing taken at Mount 
Sinai Hospital on Oct. 30, 1933, shows deeply inverted T-waves in Leads II and III. 
Lead IV shows a T-wave of normal size (-10 mm.). Lead V sIioavs a Twvave of 
unusually large size (-19 mm.). Lead VI is similar to Lead III. The most recent 
tracing, taken Jan. 27, 1934, shows a disappearance of these large T-waves. 

Summary: A man of fifty-three years suffered an attack of substernal pain on 
Sept. 16, 1933, lasting two hours. From that time on he has had effort angina, 
induced by slight exertion. On Oct. 30 an electrocardiogram shoAved T-waves in 
Lead V, 19 mm. deep, which returned to normal at a later date. In this case, the 


A 


B 



Pig'. 7. — Electrocardiograms of Case 7. A moderately severe attack of 
pam occurred Sept 16 1933 Since then the patient Wered recurring attac^^^^^^ 
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depth of the T-wave in Lead V is not necessarily diagnostic, though it does exceed 
any we have seen in normal individuals. However, the history, the changing elec- 
trocardiogram, and the characteristics of the limb load tracings provide fairly good 
evidence of acute or subacute cardiac infarction. 

DISCUSSION 

Most of these cases ivith huge T-waves in Leads IV and V show 
T-waves of large amplitude in the limb leads. In certain cases, how- 
ever, we have seen large T-waves in the limb leads Avithout huge T-waves 
in Lead IV. This may have been due in some instances to the fact that 
the size of the T-wave in Lead IV varies markedly Avith the position of 
the anterior electrode in this group of eases. In Case 4, on Dee. 12, 
1933 (Fig. 6 A), the T-Avave in Lead IV AA’as 18 mm. high Avhen the 
anterior electrode Avas placed 4 cm. to the left of the apex impulse ; yet 
it AAms only 5 mm. in amplitude, Avhen this electrode Avas placed on the 
fourth left costal cartilage, 3 cm. from the sternum. In Case 6 on Dec. 
12, 1933 (Fig. 6 B), T., Avas 20 mm. high Avith the anterior electrode iu 
the third interspace, 4 cm. from the sternum ; Avhereas it Avas only 8 mm. 
high AAuth the anterior electrode 3 cm. to the left of the apex impulse. 
Therefore, it seems likely that huge T-Avaves might have been recorded 
in preeordial leads of other eases shoAving large T-Avaves in the conven- 
tional leads, had the anterior electrode been placed in the position most 
favorable for recording this electrical disturbance. It seems probable 
that this “most favorable position” varies Avith the location of the in- 
farct. The Amriation Avhieh occurs in the T-Avaves iu preeordial leads 
AAuth Amriation in position of the anterior electrode, makes it important 
to interpret conservatively any changes AA'hich appear from day to day-. 
Such changes might be due to alterations in relative position of the 
heart and anterior electrode, rather than alterations of the action cur- 
rent of the heart. When attempting to elicit huge T-Avaves, it is neces- 
sary to take the electrocardiogram from several different positions on 
the anterior Avail of the chest. 

Wilson and his coAAmrkers® state that “since the anterior surface of 
the left chest is much closer to the heart than the posterior surface, 
anterior-posterior leads, used by Wolferth and Wood, are essentially 
preeordial leads in Avhich the indifferent electrode is placed on the back 
instead of upon the left leg.” It AAmuld necessarily folloAv from this 
statement that Lead IV and Lead V taken Avithout moving the anterior 
electrode are “essentially” the same. Although they arc essentially the 
same in many individuals, particularly in normal individuals, there are 
certain cases in AA^hieh Leads IV and V are quite different in contour, 
in Fig. 1 A of this paper, T^ = -}-18 mm., T^ = -f22 mm. and 
Tg = -f4 mm. In Fig. 3 T^ == +24:, T^ = 4-18, and To = -5. In 
Fig. 4 A, T, = 4-15, To = 4-9, and To = -6. In Fig. 7 A, T^ = -10, 
To = -19, and To = -9. These differences Avere not due to errors in 
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standardization of string deflection. In other words, when and Tg 
deviate in opposite directions, Tg is smaller than T4. 'When and 

Tg deviate in the same direction, Tg is larger than T^. The facts with 
regard to deviations of the KS-T interval seem to he similar. In a pre- 
vious paper,^ Chart 9 B shows a definite difference between the ES-T 
interval deviations in Leads IV and V, the latter being the larger. In 
this ease ES-T^ and ES-Tg are both upright. On the other hand Chart 
6 of the same paper shows the reverse relationship ; i.e., a smaller ES-T 
interval deviation in Lead V than in Lead IV when ES-T^ and ES-Tg 
deviate in opposite directions. Therefore, both the ES-T interval and 
the T-wave appear to follow the same general rule, namely, that the 
amplitude of the deflection in Lead V seems to be approximately equal 
to the algebraic sum of the deflections in Leads IV and VI. It would 
seem, therefore, that although Leads IV and V often resemble one an- 
other, they not infrequently show marked differences and cannot be 
considered as substitutes for each other. Consequently, we are at pres- 
ent combining the technic of Wilson with our own. We are 
taldng chest Leads IV, V, and VI with the anterior electrode at the 
apex ; we then take Leads IV and V from two other points on the pre- 
cordium, namely, (a) 4 cm. to the left of the apex impulse, and (b) 
over the body of the heart, 4 cm. to the left of the sternum. The use 
of this multitude of leads will probably not be found necessary for prac- 
tical purposes in all cases. However, the tracings obtained are often so 
different (see Fig. 6) that it seems worth while to take them all for the 
present, especially in cases of acute coronary occlusion. 

The appearance of the QES complex in Leads IV and V in the group 
of patients with huge upright T-waves in the precordial leads is not 
constant. In three cases (2, 3, and 6) the initial downward deflection 
disappeared, as it frequently does in patients with infarction in the 
anterior surface of the left ventricle.^ In the other cases the QES com- 
plexes were bizarre. In four cases (1, 2, 3, and 4) at some time during 
their course a small upward deflection appeared before the initial down- 
ward deflection, giving a more or less M-shaped QES. In a group of 
250 presumably normal college students studied as a control series, only 
two showed a small upward deflection of QES in Lead IV, prior to the 
doivnward deflection.® In neither of these was the deflection more than 
1 mm. in amplitude. We therefore believe that a deflection of this type 
exceeding 2 mm. in height is a distinctly abnormal finding. It is seen 
most frequently in patients who have a history pointing to previous 
coronary occlusion. In some cases it seems to be a transition stage in 
the disappearance, or in the return of the initial downward deflection in 
Leads IV and V (cf.. Case 2), The electrocardiogram of Case 1, taken 
thirteen montlis after the attack, was practically normal except for the 
presence of this wave. 
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At the time when huge upright T-waves apiDeared in Lead IV, three 
cases (2, 3, and 5) showed no deviation of the RS-T interval from the 
isoelectric line, one case (6) showed a depression of this interval, and 
two cases (1 and 4) showed an elevation. 

The appearance time of these bizarre T-waves was not constant. They 
appeared in Case 6 on the daj’’ of the attack. On the other hand, they 
were absent in some eases (3 and 4) on the day of the attack, and ap- 
peared days or weeks later. Their time of disappearance also varied 
considerably. In Cases 2, 5, and 6, they disappeared rapidly within 
two or three days. However, in Case 4, they persisted for five or six 
weeks and disappeared after that time. 

Although the patients in this group present the clinical picture of 
coronary occlusion, the symptoms and signs immediately associated with 
the huge T-waves are likely to be less severe than those recorded in the 
classical textbook description of this disease. Some of the patients have 
shown only slight fever and leucoeytosis, and little or no fall of blood 
pressure. Two patients have died (Cases 2 and 5). In each instance, 
death occurred in a subsequent classical attack. In this connection 
Cooksey’s observations'* are of interest. He states that his cases with 
large T-waves in limb leads were suspected of having relatively small 
infarcts, 

A rather striking clinical characteristic of this group of cases seems to 
be a liability to frequent recurrences of eardiae pain, for days or even 
weeks after the onset. 

Only one case has come to necropsy (Case 2). In this patient the 
fatal lesion was a large infarct in the anterior surface of the left ven- 
tricle. There were no infarcts elsewhere in the heart. Examination of 
the coronary arteries suggested that several small coronaiy twigs in the 
anterior surface of the heart had been obstructed, prior to the fatal 
attack. With one exception (Case 5)*^ all the eases with huge upright 
T-waves in Leads IV and V presented electrocardiographic features 
more or less indicative of infarction in the anterior surface of the left 
ventriele.’^ The electrocardiogram of the case with the huge inverted 
T-wave in Lead V was the type usually associated with lesions in the 
posterior surface of the left ventricle. 

The clinical picture presented by tliis group of patients and the 
changing electrocardiogram indicate that some acute or subacute dis- 
turbance of the blood supply of a part of the heart muscle is taking 
place. The relative mildness of the symptoms suggests that the lesion 
is either complete occlusion of a small coronaiy vessel or partial occlu- 
sion of a large one. The lesion associated with huge upright T-waves in 
precordial leads is probably located in the anterior surface of the left 
ventricle, in the distribution of the left anterior descending coronary 
artery. The lesion in Case 7, with a large inverted T-wave in Lead Y, 


*It is possible that this patient had several areas ■ of infarction in the heai't. 
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may have been in the posterior surface of the left ventricle. What the 
chemical change ‘in the heart muscle may be, which causes this type of 
electrical response, is not known. Possibly it is a disturbance of the 
nutrition of the myocardial fibers which has not readied a degree suffi- 
cient to cause marked RS-T interval deviations. 

SUMMARY 

1. Seven eases are reported which show huge T-waves in the pre- 
cordial leads of the electrocardiogram. 

2. In all cases the large waves disappeared at a later date. 

3. These huge T-waves are sometimes elicited from a small area of 
the precordium only. If the anterior electrode is placed elsewhere on 
the anterior chest wall, they may not appear in the tracing. 

4. The symptoms in this group of cases point to the diagnosis of 
coronaiy occlusion. Their relative mildness suggests the complete occlu- 
sion of a small wessel or the partial occlusion of a large one. 

5. The lesion associated with huge upright T-waves in precordial 
leads is probably located in the anterior surface of the left ventricle. 
The fact tliat this electrocardiographic phenomenon has not been seen 
in a series of 550 controls, makes it seem justifiable to regard it as in- 
dicative of an acute or subacute disturbance of the coronary circulation. 

6. Large inverted T-waves in precordial leads considerably exceeding 
the normal amplitude probably signify tlie presence of a lesion in the 
posterior surface of the left ventricle, analogous to that causing huge 
upright T-waves. 

7. RS-T interval deviations may be absent in this group of cases. 

8. A small upward deflection, prior to the downward deflection of 
QRS in precordial leads, has been observed in several of these cases. 
This wave is probably an abnormal finding, if more than 2 mm. in height. 
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Q AND T TYPES OF ELECTKOCARDIOGRAjMS : THEIIl 
COMPARATIVE AND COMPLEMENTARY VALUE IN 
INDICATING OCCURRENCE OF ACUTE 
lilYOCARDIAL INFARCTION* 

Arlte R. Bakkes, M.D. 

Rochester, Minn. 

I N 1928, Parkinson and Bedford- reported a remarkable series of elec- 
trocardiographic tracings obtained following acute myocardial infarc- 
tion. They found that the changes in the RS-T segment of the electro- 
cardiogram fell into two groups which they designated as T^ and T 3 
types. ■\Vliitten and I^ had arrived at a similar conclusion, and we ac- 
cepted their nomenclature. The T^ type of electrocardiogram is char- 
acterized in its earliest development by change of level and contour of 
the RS-T segment in Leads I and II, and a depression of the S-T inter- 
val in Lead III. The R-T interval in Leads I and II, but especially in 
Lead I, usually is elevated above the isoelectric line. The intciwal is 
likely to be convex, dome-shaped, or sloping downward toward the 
T-wave. Diphasic waves or T-waves of a monophasic type are common 
in the earliest stages. It is important to note that Leads I and III act 
conversely, so that elevation of the R-T segment in Lead I is opposed 
by depression of the S-T segment in Lead III. The changes in Lead II, 
although less in degree, frequently are seen to be similar to those in 
Lead I in cases of infarction in the anterior portion of the left ventricle. 
At a later stage, the monophasic or diphasic type of T-wave in Lead I 
or Leads I and II is replaced by frank inversion. The fact is note- 
worthy that, as the T-wave becomes inverted in Lead I, the T-wave in 
Lead III remains upright and becomes exaggerated and sharply peaked. 
Of particular significance in the later stages is the fact that the R-T 
segment arises at the isoelectric level, and often retains the rounded 
contour in Lead I or Leads I and II preceding the inverted T-wave. 
Pitfalls of interpretation will be avoided if one does not interpret RS-T 
segments in Lead I, which arise below the isoelectric level, as evidence 
of infarction. Conditions producing left ventricular strain are prone to 
produce a negative T-wave in Lead I Avith an S-T segment arising beloAV 
the isoelectric level in the absence of myocardial infarction. 

The T 3 pattern is characterized by precisely the opposite type of 
RS-T changes following acute myocardial infarction. In its early stages, 
the R-T segments are elevated in Leads II and III, and the S-T seg- 


♦From the Division of Medicine, The Mayo Clinic, Rochester, Minn. 
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ment is depressed in Lead I. A convex, dome-shaped, or sloping R-T 
segment preceding the T-wave is observed in Leads II and III. In the 
later stages, the R-T segment in Leads II and III tends to return to, and 
eventually reaches, the isoelectric level, and the depressed S-T segment 
in Lead I disappears. In this stage inversion of the T-wave in Leads 
II and III, with a rounded contour of the RS-T segment, is observed, 
whereas the T-wave in Lead I is upright, and becomes exaggerated and 
sharply peaked. Here again one must insist, in the later stages, that 
the R-T segment preceding the negative T-waves in Leads II and III 
arises on the isoelectric line, if the segment contours are to be regarded 
as evidence of a pi’eceding acute myocardial infarction. 

Wilson and his associates^ recently described certain changes in the 
initial deflections of the ventricular complex in association with myo- 



Fig. 1. — Four different patients, a. Electrocardiogram taken two days after acute 
coronary occlusion. Typical Qi and Ti type. Necropsy disclosed acute and chronic 
infarction of the anterior and apical portion of the left ventricle, h. Electrocardio- 
gram talcen twenty-four hours after the onset of an attack of acute coronary occlusion. 
A fairly typical Ti hut no Q pattern is present. Necropsy was not performed, c. 
Electrocardiogram taken twelve weeks after an attack of acute coronary occlusion. 
The Qi type of change is definitely present and strongly supports the diagnosis of 
myocardial infarction. No R-T pattern can be recognized, probably because of the ex- 
treme low amplitude of all deflections in Lead I. d. Electrocardiogram taken two years 
after a typical attack of acute coronary occlusion. Necropsy disclosed ancient and 
recent infarction in the apex of the left ventricle. No history of recent acute oc- 
clusion was obtained. The Ti pattern is probably present, but it is difficult to be 
sure of the characteristics of the R-T segment in Lead I. The presence of a fairly 
well developed Qi pattern greatly strengthened the diagnosis of myocardial infarction. 


cardial infarction. They classified these changes under the headings of 
Qi and Qa types. They fomid the type to be characterized by “the 
presence of a conspicuous and, in most instances, rather broad Q-wave 
in Lead I ; the absence of Q in Leads II and III ; the small amplitude 
of the largest of the initial deflections in Lead I, and the presence of a 
conspicuous S in Leads II and III.” The Q3 tjiie is characterized by 
“the absence of Q in Lead I, the presence of a conspicuous Q in Leads 
II and III and the relatively small amplitude of tlie initial ventricular 
deflections in Lead II.” 
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Since the publication of the article of Wilson and his associates, I 
have reviewed the 84 electrocardiograms taken of patients who have suf- 
fered from attacks of acute myocardial infarction. The diagnosis was 
based on good clinical evidence or proved at necropsy. It is apparent 
at once that the combined consideration of the Q and T types of electro- 
cardiographic changes yields more information regarding infarction 
than does the consideration of either alone. 

When a diagnosis of myocardial infarction was based only on clinical 
evidence, the Q and T patterns Avere equally characteristic in 18 cases ; 
the Qi pattern more characteristic than the pattern in 6 ; the Avas 
more typical than the type in 10; the Qg Avas more suggestive of 
acute infarction than the Tg type in 6 ; the Tg Avas more diagnostic than 
the Qg in 15 ; the pattern of infarction Avas present in the absence 
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Fig. 2. — Three different patients, a. Electrocardiogram taken four months after 
acute coronary occlusion. Except for the high take-off of the R-T segment in Lead 
I, there is nothing in the RS-T segments to indicate previous myocardial infarction. 
The Qi pattern is typical, and confli-ms the diagnosis of infarction. The patient 
died four months later, but necropsy was not performed, h. Electrocardiogram taken 
two days after acute coronary occlusion. The elevation of the RS-T segments in all 
leads prevents the recognition of a definite T type of change. The Qi pattern is 
typical of acute myocardial infarction. This patient’s infarction was complicated by 
acute pericarditis, c. Electrocardiogram of tlie same patient as the one represented 
in b, ten days later. Now a typical Ti and Qi type of electrocardiogram is present. 
d. Electrocardiogram taken twenty-four hours after the onset of an attack of acute 
coronary occlusion complicated by acute pericarditis. The elevated RS-T segment 
in all leads prevents the classification of the electrocardiogram as a T type. The Qi 
pattern is typical of acute myocardial infarction. 


of tlie Tj pattern in 1; the pattern Avas present alone in 3; the Qg 
pattern occurred alone in none, and in 2 cases, the Tg pattern Avas pres- 
ent in the absence of the Qg pattern. 

When myocardial infarction was proved at necropsy, the Q and T 
patterns Avere equally positive in 11 cases ; the Q^ type Avas more typical 
than the T^ tjqie in 3 ; the Tg Avas more characteristic than the Qg type 
in 1 ; the Qg pattern Avas more suggestive than the Tg type in 4, and the 
Tg pattern offered more evidence of cardiac infarction than the Qg 
pattern in 3. 
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There are several cireumstaiiees that account for the failure of the 
Q and T types to occur with equal clearness at a given time. In anterior 
apical infarction, the initial deflection of the electrocardiogram may 
have a verj^ low amplitude. This so reduces the height of the R-T seg- 
ment displacement that the change in level and contour of the segment 
and the inversion of the T-wave are all but unrecognizable. Under these 
conditions the Qi pattern may be present and easily recognizable. Like- 
wise, in infarction in the posterior basal portion of the left ventricle, the 
amplitude of the initial ventricular deflection in Lead II may be small. 
On this account, changes in the level and contour of the R-T segment in 
this lead characteristic of a T3 tj^pe may be difficult to recognize, and 
the presence of a Qg pattern may be of crucial importance. In certain 
instances infarction in the anterior apical portion of the left ventricle is 
folloAved b.y nothing more than slight rounding and upward displaee- 



Fig. 3. — Three different patients, a. Electrocardiogram taken twentv-four hours 
after acute coronary occlusion. Typical T» and Qj patterns are present. Necropsy 
disclosed an acute infarction in the posterior basal portion of the left ventricle, i. 
Electrocardiogram taken two months after an attack of acute coronary occlusion. A 
typical Qa pattern is present. The RS-T segment changes suggest recent myocardial 
infarction, but Lead II does not pai’ticipate in the usual manner, c. Tracing of the 
same patient as the one represented in h, one month later. The Qa pattern remains 
typical and diagnostic, but the RS-T in Lead II still does not conform to the usual 
Ta type of change, d, Tracing taken on the same patient as the one represented in 
o and c, six weeks later. The Qa pattern remains far more convincing of myocardial 
infarction than does the T pattern, which n 6 w is practically unrecognizable, e. Electro- 
cardiogram taken a few days after acute coronai-y occlusion. There is a typical Ta 
type of change, except that the RS-T segment in Lead II is difficult to evaluate. The 
Qs pattern is typical and diagnostic of acute myocardial infarction. }, Tracing taken 
on the same patient as the one represented in e, seven davs later. The Qa pattern 
i^s typically developed. The Ta type still lacks the usual and typical R-T changes in 
Le^ II, possibly owing in part to the loh' voltage of the deflections in that lead 
p. Tracing taken on the same patient as the one represented in e and f, thirteen davs 
■ f' ^ ^ pattern is now typical of recent acute myocardial 


ment of the R-S segment iu Lead I, without a corresponding depression 
of the S-T segment in Lead III. In this instance, the occurrence of a 
pattern greatly strengthens the evidence of infarction. 

Either the Q or T patterns may become positive first following acute 
infarction. Tliey may remain as ii relic of infarction equally long. 
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However, in some instances, the Q pattern may retain its identity longer 
than the T-pattern, as Wilson pointed out. In tracings under considera- 
tion at the clinic, this occurred occasionallj'^, with the T3 type of electro- 
cardiogram at a stage when the K-T changes in Lead II had returned to 
normal. 

Acute pericarditis complicating acute myocardial infarction fre- 
quently produces an anomalous type of electrocardiogram. This com- 
plication is prone to he followed by elevation of the RS-T segment in 
all leads, a picture which cannot be classed definitely as a or T3 type 
of change. This situation may be greatly clarified if a definite Q pattern 
develops simultaneously. 

The Q types of change may be confusing, and actually portions of Qi 
and Q3 patterns may exist simultaneously in cases in which successive 
occlusions have occurred. The relic of a Q pattern from a healed acute 
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Pig. 4. — Five different patients, a. Electrocardiogram taken four months after an 
attack of acute coronary occlusion. Tlie contour of the R-T segment in Lead III and 
the slight inversion of the T-wave in Lead II are slightly suggestive of ancient acute 
cardiac infarction. The presence of a typical Qs type of change in the initial deflec- 
tions tremendously stren^hens the diagnosis, b. Electrocardiogram taken after acute 
myocardial infarction. The time of coronary occlusion could not be obtained because 
the patient was in coma. Tiiero is a deflnite suggestion of a Ts type of change. 
There is a typical Qs, but no definite Qj deflection present. Necropsy disclosed acute 
infarction of the basal posterior half of the left ventricle. Cj Electrocardiogram taken 
two weeks after an attack of acute coronary occlusion. A fairly typical late Ts pat- 
tern of acute myocardial infarction is present, but a Qs pattern has not developed. 
d. Electrocardiogram taken two years and eight months after acute coronary oc- 
clusion. The electrocardiogram obtained at the time of occlusion showed a typical 
Ts type of change. The present electrocardiogram has, as a relic of that event, an 
R-T segment in Lead III of the Ts type. However, that change alone does not carry 
conviction of previous acute cardiac Infarction. The Qs pattern is typically developed 
except for the absence of Qs. The two patterns taken together constitute strong evi- 
dence of previous acute myocardial infarction, e. Electrocardiogram taken one week 
after acute coronary occlusion. The Ts pattern is typically developed. The Qs pat- 
tern is atypical in that the initial deflection has its lowest amplitude in Lead I rather 
than in Lead II. f. Tracing talcen on the same patient as the one represented in e, 
thirty-nine months later. The Q and T patterns have retained their original char- 
acteristics in about equal degree. 


infarction may persist in some degree following a second infarction, 
leading to tlie development of a Q pattern approximating tlie opposite 
type. Here tlie T type of electrocardiogram maj^ give more nearly un- 
equivocal evidence of acute myocardial infarction than does tlie Q pat- 
tern. 
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And finally, acute myocardial infarction is followed at times the 
development in the electrocardiogram of tjTpical T patterns without the 
appearance of Q types of changes. 

SUALMARY 

Acute myocardial infarction is frequentty followed by electrocardio- 
graphic changes that conform to both the Q and the T patterns indica- 
tive of such a condition. In general, the change in the ES-T segment 
is somewhat more likely to be typically developed and indicative of acute 
cardiac infarction than is the change in initial ventricular deflection, but 
occasionally the reverse is true. Not uncommonly neither type of electro- 
cardiographic change is completelj’- typical, but considered together they 
establish the presence of acute myocardial infarction. Only by such a 
combined study of the changes in the initial ventricular deflection and 
of the ES-T segment will one realize the full value of the electrocardio- 
gram as a diagnostic aid. 
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CORRELATION OF INITIAL DEFLECTIONS OF VENTRICULAR 
COMPLEX WITH SITUATION OF ACUTE MYOCARDIAL 

INFARCTION^' 

Arlie R. Barnes, M.D. 

Rochester, Minn. 

W ILSON and his associates described certain changes of the initial 
deflections of the ventricular complex of the electrocardiogram in 
association with myocardial infarction. They classifled these changes 
under the headings of and Qg types. They found the type to be 
characterized by “the presence of a conspicuous and, in most instances, 
rather broad Q-wave in Lead I ; the absence of Q in Leads II and III ; 
the small amplitude of the largest of the initial deflections in Lead I, 
and the presence of a conspicuous S in Leads II and III.” The Qg 
type is characterized by “the absence of Q in Lead I, the presence of a 
conspicuous Q in Leads II and III, and the relatively small amplitude 
of the initial ventricular deflections in Lead II. ’ ’ In discussing the rela- 
tion the Qi and Qg types of electrocardiograms have to the location of 
the infarct, they concluded that although infarction in the anterior wall 
of the left ventricle and the adjacent septum generally was associated 
with a Qi type, yet at times it was associated with the Qg type. They 
described a Qg type of electrocardiogram of a patient in whom they 
found an infarct of the anterior poi’tion of the left ventricle, but in 
whom later and more detailed examination of the heart disclosed the 
presence of an old and extensive infarct in the basal portion of the left 
ventricle. They did not state whether they considered that the latter 
finding accounted satisfactorily for the discordant electrocardiographic 
pattern which they reported. 

I wish to present the data from 20 cases in which myocardial infarc- 
tions occurred and in which electrocardiograms conformed more or less 
closely to the Q^ or Qg type. These data will appear, for the most part, 
in legends accompanying the illustrations. Necropsy was performed in 
all of these cases. In all but 3 cases, there was adequate evidence that 
acute coronary occlusions had occurred and in one of these 3 cases there 
was strong presumptive evidence that acute infarction had occurred. 

In 7 eases in Avhich electrocardiograms Avere typical or fairly typical 
Qi types, infarction in each instance A\^as found in the anterior portion 
of the left ventricle and the adjacent septum. In each of these instances 
the Qi type of electrocardiogram Avas associated AAdth changes in the 
tracing conforming more or less closely to the T^ type. 

•Prom the Division of Medicine, the Mayo Clinic, Rochester, Minn. 
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In 15 cases in wliieh a Qg type of electrocardiogram was obtained, 
infarction in the posterior basal portion of the left ventricle was found 
in every instance. In each of these cases the Qg and Tg types of change 
were present simultaneously. 

One of the strongest reasons for believing that a uniform relation- 
ship exists between the Q pattern and the situation of infarction is af- 
forded by 2 patients, each of whom suffered two successive acute infarc- 
tions; in each of the 2 cases a time interval elapsed and permitted 
adequate electrocardiographic studies after each infarction. Necropsy 
was performed on each of these patients. In the first case, acute infarc- 
tion in the anterior portion of the left ventricle was followed by the 
development of a Tj type of electrocardiogram, and a second acute 



Pis’. 1. — Electrocardiograms with shifting deflections. (Case I) a, Qi type of elec- 
trocardiogram taken seventy-nine days after acute coronary occlusion. Necropsy dis- 
closed ancient large infarction involving the apex, the anterior portion of the left 
ventricle, and the adjacent interventricular septum, b. Electrocardiogram of late Tj 
type showing changes in the direction of the Qj type ; that is. lowest amplitude of the 
QRS complex in Lead I in tracing a is replaced by lowest amplitude in Lead II. ^ 
prominent Ss is replaced by small Qa, and Qi of tracing a has disappeared. Tracing b 
was made seven weeks after a second acute coronary- occlusion. Necropsy disclosed 
subacute healing infarction in the posterior basal portion of the left ventricle. (Case 
2) c, Qa typo of electrocardiagram taken seventy-nine days after an attack of acute 
coronary occlusion, d. Electrocardiogram taken twenty-four hours after acute coro- 
narj; occlusion showing a shift toward the Qi type. The Q-wave in Lead III is greatly 
diminished, and the QRS complex now has its smallest amplitude in Lead I. Necropsy 
was performed six days after the second occlusion and disclosed an old, practically 
healed infarction in the posterior basal portion, and a recent acute infarction in the 
anterior and apical portion of the left ventricle. (Case 316, Electrocardiogram taken 
one day before acute coronary occlusion, f. Electrocardiogram taken three days after 
acute coronary occlusion witli changes tending toward the Qa type. Necropsy per- 
formed five days later disclosed thrombosis of the right coronarj' artery with extensive 
acute Infarction in the posterior basal portion of the left ventricle and adjacent in- 
teiwentricular septum. There was an area of acute infarction in the anterior portion 
of the left ventricle measuring 1.5 cm. in diameter. Tliis latter infai-ct may account 
for the fact that the latter tracing does not have a more prominent Q- and Qa and 
for the fact that the lowest amplitude of the QRS comple.x is in Lead I instead of 
in Lead II. 


infarction in the posterior basal portion of the left ventricle caused a 
complete change of pattern to a late T, type and a picture approaching 
a Qs fype (Pig. 1 fl and h). That a typical Qg type was not reached 
may possibly be owing to the necessity for completely obliterating the 
previous type. In the second ease the order of these changes was 
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completely reversed; the first posterior basal infarct produced a Q3 T3 
type of change, and the second infarction of the anterior portion of the 
left ventricle produced KS-T changes, definitely suggestive of a type 
of electrocardiogram, and clianges in the initial ventricular complex in 
the direction of a Qx type (Fig. 1 d and e). These changes consist in 
the decrease in the size of S3 and the subsequent appearance of the 
lowest amplitude of the QES complex in Lead I, whereas previously 
this complex had its lowest amplitude in Lead II. 

In a coordinate studj'’,^ I have pointed out that in acute injmeardial 
infarction the T pattern of electrocardiograpliic changes may be present 
when the Q pattern is lacking, and vice versa. However, I have not 
encountered anji- case with a typical type of electrocardiogram in 
which a typical Q3 pattern occurred, and I have observed no associa- 
tion of typical T3 and Qx patterns. When anterior infarction succeeds 
posterior infarctions, an atypical Q3 pattern maj’' remain in association 
with a Tx type of electrocardiogram, but the Qg pattern is atypical, and 



Figr. 2. — ^Initial deflections of the Qi type. (Case 4) a. Electrocardiogram conform- 
ing to the Qi type except tliat low amplitude of the QRS complex in Lead I is lacking. 
There was no history of acute coronary occlusion. The patient had hypertensive heart 
disease. Necropsy performed two months after this tracing was made disclosed high 
grade coronary sclerosis in all the vessels without occlusion. There were several 
flbrotlc areas in the heart muscle in the region supplied by the anterior descending 
branch _ of the left coronary artery. A similar electrocardiogram is frequently ob- 
tained in hypertensive heart disease in the absence of coronary sclerosis or myocardial 
Infarction. (Case 5) b. This electrocardiogram was obtained two years and tliree 
months after an attack of acute coronary occlusion. The patient died within twelve 
hours after this tracing was made. At necropsy, ancient and recent myocardial 
cardiac infarction was found in tlie apex and anterior portion of the left ventricle. 
(Case 6) c. This electrocardiogram was obtained fourteen months after an attack of 
acute coronary occlusion, and eighteen days before the patient’s death. There was 
sclerosis of high degree through the distribution of the coronarj’- artery, but the lumen 
was not completely occluded. The apex of the left ventricle was the site of a huge 
healed myocardial Infarct. (Case 7) d. This electrocardiogram was taken three days 
“Sloi’e death. Death occurred suddenly, presumably the result of a thrombus which 
occluded the anterior descending branch at the level of origin of the circumflex 
branch of the left coronary artery. At necropsy the apex of the heart was thinned 
out and replaced by fibrous tissue, as was the adjacent interventricular septum. No 
history of ancient acute occlusion could be obtained. (Case 8) e. This electrocardio- 
gram w^ taken two days after an attack of acute coronary occlusion, and two days 
before death. _ At necropsy, the apex and the adjacent anterior portion of the left 
ventricle and interventricular septum were found to be the site of acute and chronic 
myocardial infarction. There v/as aneurysmal dilatation at the apex with marked 
thinning of the wall of the heart in that region. 
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a careful study will show that it is veering definitely toward a Qi pat- 
tern. Wilson has called attention to a number of such published eases, 
of which the second case in this series, Case 2, is one. Case 1 shows that 
the same is true when posterior infarction follows anterior infarction, 
although the residue of the pattern is less striking. 

Granted that a typical electrocardiographic pattern results 

from acute infarction in the anterior portion of the left ventricle, it 
does not follow necessarily that acute infarction in that area will lead 
to the development of the tj’^pe. The same may be said of infarc- 
, tion in the posterior basal portion of the left ventricle in respect to the 
Qa Tg type of electrocardiogram. Extreme low voltage of the initial 
ventricular defiections, bundle-branch block, multiple acute infarcts in- 
volving both the anterior and the posterior portions of the left ventricle, 
massive widespread infarction, acute pericarditis or the effect of immi- 



Flg. 3. — Initial deflections oC the Qa type. (Case 9) a. This electrocardiogram -was 
taken seven days after an attack of acute coronary occlusion and twelve days before 
death. At necropsy the right coronary artery was found to be occluded by a clot 
which could be seen projecting from its ostium. Acute myocardial infarction was 
present in the posterior portion of the left ventricle and extended to the apex. (Case 
10) h. This electrocardiogram was taken one day after an attack of acute coronary 
occlusion and five days before the death of the patient. The QRS complex has a dura- 
tion of 0.13 second. At necropsy an old infarct in the heart was found to occupy the 
lower third of the anterior portion of the Interventricular septum. This had led to 
marlced thinning and beginning aneurysm of the septum. The right coronary artery 
was sclerosed markedly and, 6 cm. from its orifice, was completely occluded. There 
W’as acute infarction in the posterior basal portion of the left ventricle, the posterior 
interventricular septum, and in the adjacent region of the right ventricle. This case 
well illustrates the predominating effect acute infarction exerts over chronic infarc- 
tion in determining the type of Q T changes that result. (Case 11) c. This tracing 
was made four days after an attack of acute coronary occlusion and two davs before 
tlie patient’s death. At necropsy the descending branch of the riglit coronafv arterv 
was found to be occluded. There was acute myocardial infarction in the posterior 
portion of the left ventricle, the posterior interventricular septum, and in tlie ad- 
jacent portion of the right ventricle. (Case 12) d. This tracing was made twentv- 
four days before death. No history of acute coronarj- occlusion could be obtained 
At necropsy there was extensive acute and subacute infarction in the posterior por- 
tion of the left ventricle extending from the apex almost to the base The right 
coronary arte^ was sclerosed, grade 4, but no thrombus in the vessel could be dem- 
onstrated. (Case 13) c. This tracing wms taken two montlis before death No hls- 
torj- of acute coronai-j- occlusion could be obtained. At necropsv a large fibrous scar 
was found, occupying the posterior basal portion of the left ventricle and’ extending in 

around me interventricular septum toward its anterior th^rd 
(Case 14) /, This tracing was made one month before death. No history of acute 
coronary occlusion could be obtained. At necropsy the circumflex branch was mund 
to be occluded by a thrombus. Tiiere was a. soft area of Infarction in'^tu^ 
portion of the left ventricle measuring 5 cm. by 6 cm! ^^^^'^ction in the posterior 
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neiit death on a tracing may modify, obscure, or prevent the recognition 
of either the T or the Q patterns. Moreover, the electrocardiographic 
picture of acute myocardial infarction may be lost if electrocardiograms 
are not taken in sufficient, number, or in proper time relation to acute 
coronary occlusion. 

As Wilson and his associates pointed out, the pathological data and 
experimental evidence to date do not seem sufficient to attribute the 
development of the Qi tjqDe of electrocardiogram to block in the ante- 
rior subdivisions of the left branch of the bundle of His, nor to ascribe 
the Qg type to block in the posterior subdivisions of the bundle of His 
(Figs. 1, 2, 3, and 4). 



Fig. 4. — Initial deBections of the Qi type. (Case 15) a. This electrocardiogram was 
taken nineteen days after an attack of acute coronary occlusion and one day before 
the patient’s death. At necropsy the circumflex branch of the left coronary artery 
was found to be occluded by a thrombus. The right coronarj'" artery at a point 2 cm. 
distal to its orifice was nearly occluded. The posterolateral aspect of the left ven- 
tricle was the site of acute myocardial infarction. (Case 16) h, This tracing was 
made three days after an attack of acute coionary occlusion and two days before 
the patient’s death. At necropsy an acute myocardial infarct was found to occupy 
the posterior portion of the left ventricle ; it ■was Z cm. in width and extended from 
the base to within 3 cm. of the apex of the left ventricle. (Case 17) c. This trac- 
ing was made one day following an attack of acute coronary occlusion and three days 
before the patient’s death. At necropsy the left coronai-j- artery was found to be 
almost occluded just below the point of origin of the circumflex. There was an old 
healed infarct situated in the anterior apical portion of the left ventricle. There was 
acute infarction in the posterior basal portion of the left ventricle extending down to 
ami around the apex. The rigiit coronary artery supplied all of the area of acute 
infarction, but no thrombus in the vessel was described in the original description of 
the dissection of the vessel. (Case 18) d. This tracing was taken one month follow- 
ing an attack of acute coronary occlusion and three years and ten months before the 
patient’s death. Death occurred from acute coronary occlusion, but no tracing was 
obtained after the fatal attack. At necropsy an area of fibrosis was found in tlie 
posterior basal portion of the left ventricle without thinning of the wall. There was 
a large but scattered distribution of fibrous tissue in the endocardial half of the 
anterior portion of the left ventricle. (Case 19) e. The patient was in coma on ad- 
missiori and no history of coronary occlusion could be obtained. This tracing was 
taken two days before the patient’s death. At necropsy a large area of acute in- 
farction in the posterior half of the left ventricle was found. This area is supplied 
by the circumflex branch of the left coronary artery ; the branch was occluded. 

filfic^ocardiogram of Case 20 was too dim for photographic reproduction. It 
"A?, type, ahd at necropsy an area of healed infarction in the posterior wail 

of the left ventricle in the region supplied by the right coronary artery was found 


CONCLUSIONS 

1. The modifications of the initial ventricular deflections are corre- 
lated with the site of myocardial infarction. 
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2. Electrocardiograms typical of, or closely approximating, the typical 
Qi type are found to he associated with acute or healing acute infarc- 
tion in the anterior and apical portion of the left ventricle and the 
adjacent interventricular septum. 

3. The Q 3 type of electrocardiogram is found to be associated with 
acute or healing acute infarction in the posterior basal portion of the 
left ventricle and in the adjacent interventricular septum. 

4. Not all acute infarctions in the left ventricle are followed by the 
characteristic Q patterns. 
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ELECTEOOARDIOGEAPHIC PATTEEN OBSEEVED FOLLOW- 
ING ACUTE COEONAEY OCCLUSION COMPLICATED 
BY PEEICAEDITIS 

Eeport op Cases* 

Arlie E. Barnes, M.D. 

Eochester, Minn. 

T he electrocardiogram taken following acute coronary occlusion has 
been of more assistance in the diagnosis of this disease than in that 
of any other cardiac lesion. Changes of the ES-T segment in the elec- 
trocardiogram occur that not only indicate the presence of acute myo- 
cardial infarction,® but also, under proper conditions,^’ ® permit its local- 
ization in the heart before death. Changes in the initial deflection of 
the electrocardiogram have been described lately that, when typically 
developed, likewise indicate the occurrence of acute myocardial infarc- 
tion^® and have a deflnite localizing value.* 

In attempting to evaluate electrocardiographic changes in cases in 
which acute coronary occlusion is suspected, the changes in the ES-T 
segment indicative of that condition may not be developed typically. 
As has been pointed out elsewhere, a combined study of the Q and 
ES-T patterns frequently Avill yield more information than a study of 
either pattern alone,® 

The most characteristic feature of the ES-T segment changes follow- 
ing acute coronary occlusion is that an elevation of the E-T segment in 
Lead I is accompanied by a depression of the S-T segment in Lead III 
and vice versa. However, in some instances of infarction involving the 
anterior apical portion of the left ventricle, the only change tliat occurs 
in the ES-T segment in the first few days is elevation of the E-T seg- 
ment in Lead I without a corresponding depression of the S-T segment 
in Lead III. This change, if the patient survives sufficiently long, usu- 
ally is followed later by the development of a typical T^ tjqie of electro- 
cardiogram. Another variation of the change in the ES-T segment fol- 
lowing acute infarction consists in elevation or dome-shaped upward 
rounding of the ES-T segments in all leads. Obviously this change does 
not permit its classification as a Tj or Tg tjq)e, and yet the changing 
electrocardiogram is strong evidence of the acute coronary obstruction. 
Moreover, in its later stages, this electrocardiographic pattern is at 
times followed by inversion of the T-waves in all leads, whidi furtlier 
complicates the attempt to classify the change as a T^ or Tg type. Evi- 
dence is submitted here to indicate tliat such an electrocardiogram is 
the result of acute coronary occlusion complicated by acute pericarditis. 

-j 

•From the Division of Medicine, The Mayo Clinic, Rochester, Minn. 
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Case 1. — man, aged sixty years, was admitted to the hospital May 1, 1926. 
He was having a typical attack of coronary occlusion at the time of his admission. 
A definite pericardial friction rub was present on the second day. An electrocardio- 
gram, taken seven days after his admission, showed an elevated take-off of the ES-T 
segment in each lead, the segments tending to have a definite dome shape (Fig. 
la). A tracing taken two weeks later showed a definite inversion of the T-wave 
in Lead I of a Pardee type, and w’as now upright, peaked and exaggerated, a 
typical late T, type of electrocardiogram (Fig. 1 b). The patient recovered from 
this attack but died of pneumonia sixteen months later. At necropsy the anterior 
descending branch of the left coronaiy artery was found to be occluded in its lower 
third. Healed pericarditis completely obliterated the pericardial sac. The lower 
third of the anterior portion of the left ventricle and the adjacent portion of the 
interventricular septum were the site of an old infarction. There was marked 
thinning of the anterior and apical portions of the left ventricle with an organized 
thrombus beneath this area. 



Fig. 1. — (Case 1) Standard electrocardiogram taken a seven days; and b twenty- 
one days after acute coronary occlusion; (Case 2) standard electrocardiogram taken 
c seven days, d eleven days, and e twenty-six days after acute coronary occlusion. 

Case 2. — A man, aged seventy-two years, was admitted June 21, 1929. Twenty- 
four hours previously he had been seized by an attack of acute epigastric pain 
which was still present on admission. On the day following, a definite pericardial 
friction rub was heard, and a diagnosis of acute coronary occlusion was made. 
The electrocardiogram taken on the seventh day showed an elevation and upward 
rounding of the ES-T segments in all leads without inversion of the T-waves (Fig. 
1 c) ; a tracing taken four days later was similar except that the T-waves were 
inverted in all leads (Fig. Id). A third tracing, taken nineteen days after the 
first, showed a return of the S-T segments to the isoelectric level, with inversion 
of the T-waves in all leads (Fig. 1 e). At no stage could the electrocardiogram 
be classified as a T, or a T, type. The patient recovered from this attack and was 
allowed to go home. He was having marked sjunptoms of prostatic obstruction, 
and suprapubic cystostomy was performed October 30, 1929, which he withstood 
Avithout incident. He died December 2, 1929, following suprapubic prostatectomy. 
At necropsy the pericardium was found to be adherent except over the posterior 
surface of the heart. The lower two-thirds of the anterior portion of the left 
ventricle were composed largely of sear tissue and were thin; the wall measured 0.8 
cm. in thickness. The left coronary artery was sclerosed, graded 4. 
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That every patient in whom pericarditis complicates acute coronary 
occlusion does not have an electrocardiogram in which ES-T segments 
show elevation and upward rounding in all leads is shown by the fol- 
lowing ease. 

Case 3. — A man, aged sLxty-seven years, had acute substernal pain and was ad- 
mitted to the iiospital as an emergencj’’ case. The electrocardiogram taken twenty- 
four hours after the onset of the pain showed slight elevation of R-T, with shallow 
inversion of the T-wave in that lead. The S-T segment in Lead II was slightly 
depressed (Pig. 2 h). Four days later a definite pericardial friction rub was 
present, and a tracing taken at that time did not show any additional changes 
(Fig. 2 c). The S-T segment in the fourth load* in each of these tracings was 
distinctly elevated. The patient died on the seventh day of nature of the heart 
at the site of acute infarction, with hemorrhage into the pericardium. At necropsy 
the anterior descending branch of the left coronary artery was found to be occluded 



Pig. 2. — (Case 3) Standard electrocardiogram and the fourth lead taken a two and 
a half years before, b twenty-four hours after, and c five days after the onset of acute 
coronary occlusion; (Case 4) standard electrocardiogram taken d three days, and e 
thirteen days after the onset of acute coronary occlusion. 


by a thrombus. A region over the apex of the heart and extending up into the 
anterior portion of the left ventricle, and measuring 8 cm. by 5 cm., was the site 
of acute infarction. This area was overlaid by a thick fibrinous blood-stained 
exudate. There was a recent fibrinous exudate over the base of the heart, extending 
well onto the great vessels. 

In the fourth ease the Q pattern indicated the site of infarction at a 
time when it could not be predicted from the character of the ES-T 
segments where the infarction would be found. 

I 

tilling the fourth lead I have placed the left arm electrode on the anterior 
part of the thorax and the right arm electrode on the posterior part of the tliorax. In 
tracings ta^n in this way the T-wave is normal when upright and abnormal when 
inverted. This application of the electrodes Is opposite to that described and employed 
by AVolferth and Wood. 
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Case 4. — A -woman, aged sixty-nine years, suffering from chronic occlusive ar- 
terial disease of the legs, had an attack of acute coronary occlusion while under 
observation. A definite pericardial friction rub was heard tliree days after the 
onset of the attack. The electrocardiogram taken at that time showed elevation 
of the ES-T segments in all leads without inversion of the T-wave (Pig. 2 d). 
This electrocardiogram is a tj'pical Q, type and is indicative of anterior apical 
infarction .2 Daily electrocardiograms for the next five days showed no essential 
changes. The electrocardiogram taken thirteen days after the onset of acute coro- 
nary occlusion revealed ES-T changes that were now late typical manifestations of 
a T, type (Pig. 2 e) and indicated the anterior apical portion of the left ventricle 
as the site of infarction, as did the Q, pattern from the beginning. The patient 
made a satisfactory recovery and was dismissed from the hospital about one month 
after her attack. 



Fig-. 3. — (Case 5) Standard electrocardiogram taken a the second day after acute 
coronary occlusion; (Case 6) standard electrocardiogram and the fourth lead taken 
b eight days after, c fourteen days after, and d thirty-five days after the onset of 
acute coronary occlusion. 

Case 5. — A man, aged fifty-seven years, suffered an acute attack of coronary 
occlusion, and a pericardial friction rub was audible on the day of the occlusion. 
Electrocardiograms were taken two and six days after this occlusion, and the trac- 
ings were practically identical. There was elevation or dome-shaped rounding of 
the ES-T segments in all leads. Tlie Q, pattern was definitely present, indicative 
of anterior apical infarction'-: (Pig. 3 a). No further tracings were obtained. 
The patient’s convalescence was uneventful, and he was dismissed from the hos- 
pital twenty-four days after the onset of occlusion. 

Case G. — A man, aged sixty-one years, had an attack of acute coronary occlusion 
October 2o, 1933, and was admitted to the hospital two days later. A pericardial 
friction rub was plainly audible on the second day. An electrocardiogram taken 
four days later showed upward rounding, but no elevation of the ES-T segments 
m all leads (Fig. 3 h). The S-T segment in the fourth lead was elevated and 
the T-wave was inverted. A tracing taken six days later showed definite inversions 


738 


THE AMERICAN HEART JOURNAL 


of T-waves in all leads (Fig. 3 c). The electrocardiogram taken twenty-seven 
days after the first tracing showed a decrease of negativity of T 3 , and the E-T 
segment in Leads I and II had become much more characteristic of ^ late Tj type 
(Fig. 3d). A typical Qj pattern now was present that indicated that the myo- 
cardial infarction had involved the anterior and apical portion of the left ventriele .2 
The patient’s convalescence was uneventful, and he was dismissed from the hos- 
pital after thirty-four days of observation and treatment. The elevation of the 
S-T segment in the fourth lead was striking. Whether or not this is a feature 
confined to cases of acute mj'ocardial infarction complicated by pericarditis, will 
require further study. 

Case 7. — A man, aged fifty-nine years, was admitted to the hospital in a typical 
attack of coronary occlusion. Two days later a definite pericardial friction rub 
was audible. An electrocardiogram obtained that day showed elevation of the ES-T 
segment in all leads (Fig. 4 h). A tracing taken twenty-one days after the sec- 
ond tracing showed inversion of all the T-waves and a Q, t 3 rpe of electrocardiogram 



Pig'. 4. — (Case 7) Standard electrocardiogram taken a three days before, 1) the 
day of, c twenty-one days after and d two years after acute coronary occlusion ; ( Case 8 ) 
standard electrocardiogram taken e forty-eight hours after, / eight days after, and 
g six months and eight days after the onset of acute coronai-j"^ occlusion. 

indicative of infarction of the anterior apical portion of the left ventricle (Fig. 
4 0 ). In an electrocardiogram taken tw'o years later, the T-wave in Lead III 
was upright, and the E-T segment in Lead I was a fairly typical late relic of a 
T, tj-pe of change (Fig. 4 d). 

Case 8. — ^A man, aged forty-eight years, was admitted during a severe attack 
of coronary occlusion, the pain lasting ninety-six hours. No friction rub was ever 
heard in this case. A tracing taken on the day of admission showed an elevated 
take-off of the ES-T segment in all leads (Fig. 4 e) with T-waves somewhat high 
in all leads but especially in Lead II. This tracing may be compared with that 
of a dog (Fig. 1 d) in the article by Mann and me following the reaction of the 
pericardium to operative injury. This type of tracing persisted for four days, 
and on the sixth day after admission the T-waves were negative in all leads (Fig. 
4 /). Except for the fact that the initial deflection had its smallest amplitude 
in Lead I, this tracing could be classified as a type indicative of infarction 

of the posterior basal portion of the left ventricle. A tracing taken six months 
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after the latter tracing showed the T-wave in Lead I upright, and it showed R-T 
segments in Leads II and III that were typical relics of ancient infarction in the 
posterior hasal portion of the left ventricle (Fig. 4 £r). In tliis case pericarditis 
was not observed clinically, yet these tracings resembled those previously shown 
when pericarditis was known to be a factor, and they suggested that that com- 
plication Avas present. No way exists of excluding from consideration infarction 
of both the posterior and the anterior portion of the left ventricle, in the original 
prolonged attack. 

COklMENT 

That pericarditis, complicating acute coronary occlusion in man, may 
modify the ES-T segments of the electrocardiogram in the foregoing 
manner receives support from other experimental and clinical data. 
Scott, Fell and Katz® recorded elevation of the ES-T segment in all 
leads in electrocardiograms of patients in whom sudden hydroperi- 
cardium had developed. They reasoned that this electrocardiographic 
change resulted from hydrostatic pressure exerted on the heart and that 
it led to compression of the vascular channels and produced anoxemia, 
reduced cardiac output, and impaired coronary flow. They^ were able 
to produce similar changes in the electrocardiograms of dogs by rapid 
distention of the pericardial sac with fluids. Barnes and Mann found 
that profound changes in the ES-T segment of the electrocardiogram 
occurred when the dog’s pericardium was opened without molesting the 
coronaiy circulation. Subsequent necropsy of these animals indicated 
that extensive pericarditis followed this procedure. They believed that 
the modifications of the ES-T segment that follmved resulted from the 
pericarditis. Fowler, Eathe and Smith observed similar changes in the 
electrocardiogram folloAving production of pericarditis, and they demon- 
strated by microscopic study that the superficial layers of the myo- 
cardium were involved in the inflammatory process. They concluded it 
was this injury to the superficial layers of the myocardium that was 
responsible for the modifications in the electrocardiogram. There is no 
reason to suspect in the clinical cases presented here that pericardial 
effusion of any degree, or sudden in its accumulation, occurred. I am 
inclined to believe that the injury which the superficial layers of the 
myocardium sustain in the pericardial reaction accounts for the peculiar 
electrocardiographic change, an interpretation supported by the experi- 
ments just cited. 

The types of electrocardiograms presented here have been difficult of 
interpretation heretofore. They could not be classed clearly as either 
of T^ or Tg type. Lacking this classification, they could not be utilized 
to predict the situation of the infarct. They were so bizarre that they 
sometimes led to the doubt as to whether there were electrocardiographic 
patterns of ES-T changes typical of acute cardiac infarction, inasmuch 
as they were encountered in the electrocardiograms of patients who Avere 
undoubtedly metims of acute coronaiy occlusion. Time enough, the 
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changing cliaraeter of the electrocardiogram indicated the presence of 
infarction, hut the absence of the usual pattern was disturbing, none 
the less. I believe this study reveals the significance of this type of 
electrocardiogram, and the i^icture of elevation of the RS-T segment in 
all leads that occurs in a case of occlusion should lead to careful at- 
tempts to elicit a pericardial friction rub. Inasmuch as the friction 
rub may be heard only temporarily, the occurrence of this type of trac- 
ing strongly suggests the presence of pericarditis, even though evidence 
of its presence may otherwise escape the ear of the examiner. 

It is further interesting to note that, except in Cases 1 and 8, there 
was some feature of the electrocardiograms that suggested that its char- 
acter was dependent on infarction of the anterior and apical portions 
of the left ventricle. "Whether infarction of the posterior basal portion 
of the left ventricle complicated by pericarditis can produce this pic- 
ture, remains to be established by correlation of such electrocardio- 
graphic changes with cardiac pathology. 

It is noteworthy that in some of these electrocardiograms, even though 
the RS-T patteiii in its early form is distorted so as not to permit local- 
ization, the Q pattern is fully developed, and it indicates not only the 
presence but also the site of acute myocardial infarction. 

CONCLUSIONS 

The electrocardiograms of patients in whom acute coronary occlusion 
is complicated by pericarditis differ from the type of RS-T changes as- 
sociated with uncomplicated, acute coi’onary occlusion. The typical 
feature of the electrocardiogram, seen in coronary occlusion associated 
with pericarditis in its early stages, consists of elevation or upward 
rounding of the RS-T segment in all leads. This may be followed by 
inversion of the T-wave in all leads. In some instances, it is followed 
by the development of a T pattern that can be classified definitely as a 
late relic of acute coronary occlusion. In the stage when the RS-T seg- 
ment is elevated in all leads, the Q pattern may be typically developed, 
not only indicating infarction, but also pointing to the situation of the 
infarct in the left ventricle. 
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THE VELOCITY OF PULMONARY AND PERIPHERAL VENOUS 
BLOOD PLOW AND RELATED ASPECTS OF THE 
CIRCULATION IN CARDIOVASCULAR DISEASE 

Their Relation to Clinical Types of Circulatory Failure* 

George P. Robb, M.D., and Soma Weiss, M.D. 

Boston, Mass. 

T he veloeitj’^ of blood flow in pathological states of tlie circulation is 
already well known. Investigations of reeent years^'“ have revealed 
a characteristic slowing of the blood flow in cardiovascular disease with 
circulatory failure, in myxedema and in polycythemia vera ; and an ac- 
celeration of the circulation in thyrotoxicosis and anemia. In compen- 
sated heart disease, as well as in arterial hypertension and emphysema, 
the velocity of blood flow has been found to be normal or but slightly 
retarded. 

Although concordant results have been obtained with the various meth- 
ods employed, the radium emanation method® is particularly valuable in 
that it provides a separate estimation of the velocity of blood flow 
through the lungs and through the peripheral vascular areas. Such a 
differential index of the functional state of the greater and lesser circula- 
tions is of practical as well as theoretical value in the diagnosis and 
treatment of disorders of the circulation. 

The cyanide method was devised in order to provide a simple, objec- 
tive method for the separate measurement of the velocitj'- of the pul- 
monary and of the peripheral venous blood flow in man. This method 
and the observations made in normal subjects were reported in a previ- 
ous communication,’' in which evidence was presented to show that 
sodium cyanide could safely be administered to man Avithin a wide range 
of dosage, and that the cyanide “circulation time” Avas a reliable 
measure of the A’^elocity of blood floAv. 

In order to ascertain AAdiether the cyanide method would furnish a 
reliable measure of the A’^elocity of blood floAV in heart failure, measure- 
ments of the pulmonary circulation time, of the peripheral A^enous circu- 
lation time, and of other quantitath'^e indices of the state of the pulmo- 
nary and the systemic circulations, as well as clinical observations, Avere 
made in patients AAuth compensated heart disease and in patients Avith 
A'arious degrees of circulatory failure. The pulmonary and A’^enous cir- 
culation times obtained Avere then compared AAUth those obtained AAutli the 

‘ j 

Thorndike Memorial Ijaboratory, Second and Fourth Medical Services 
School City Hospital, and the Department of Medicine, Harvard Medical 
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radium emanation method in a group of subjects with similar clinical 
states. For a more precise evaluation, the cyanide and the dye or glu- 
cose circulation times were determined in the same person. 

METHODS USED 

The arterial pressure was determined with the aid of a mercury mano- 
meter ; the venous pressure, by the direct venipuncture method of Moritz 
and von Tabora® with the arm resting at the level of the right auricle. 
In determinations of the vital capacity of the lungs, a calibrated spirom- 
eter was used. Measurements of the crude pulmonary circulation 
time and of the peripheral venous circulation time were made with the 
cyanide method in the usual manner" ; in orthopneic, as in normal sub- 
jects, the antecubital injections were made with the arm resting at the 
level of the right auricle. Determinations of the dye (or glucose) arm- 
to-femoral circulation time were made with the vital red method of 
Hamilton and his associates,® in which the procedure is as follows : The 
subject reclines on his right side; the injection of dye is made into the 
antecubital vein of the elevated left arm; and the blood samples for 
colorimetric analysis are obtained by puncture of the femoral artery. 

RESULTS 

Measurements of the pulmonary and the peripheral venous circulation 
times, of the venous pressure and of the vital capacity were made in 
fifty-six patients with hypertensive, arteriosclerotic, syphilitic, or rheu- 
matic heart disease. Of this group, forty'--six were totally incapacitated 
and presented the symptoms and signs of circulatory’- failure while at 
rest ; the remainder were ambulatoiy and without evidence of decompen- 
sation. The clinical observations and circulatory measurements are 
presented in Tables I to V, inclusive. 

Patients With Cardiovascular Disease Without Circulatory Failure 

No clinical evidence of circulatory failure could be detected in the ten 
patients with compensated heart disease (Table I), although in two 
instances (Cases 2 and 10) there was a history of circulatory’- failure. 
The vital capacity averaged 1,572 c.c. per square meter (980 to 2,100 c.e. 
per square meter), which is 34 per cent less than the average normal 
value of 2,376 c.c. per square meter”; the pulmonary’^ circulation time, 13 
seconds (10 to 15 seconds), or 23 per cent longer than the average 
normal (10.6 seconds)^; and the arm venous circulation time, 5.3 seconds 
(3 to 12 seconds), or 18 per cent longer than the average normal (4.5 
seconds). The venous pressure was essentially^ normal, 7.7 cm. of water 
(5 to 10 cm.). 

Except for the proportionately’- greater reduction in the vital capacity, 
these measurements lie within the normal range, although there is a 
tendency toward stasis and retardation of blood flow. 



Table I 

The PufiXtoNARY and Peripheral Venous Circulation Times in Patients With Cardiovascular Disease Without Circulatory Failure 


744 


THE AjHERICAN HEART JOURNAL 


m 

o 

'A 


c; 

tn 

o 


u 

ci 

w 

o 


e*l4 

ra 


E 3 


CS 

CC w 

G 


02 a 

. CO 

• •V 

«l-4 

02 

cC *S 


O ^ 

£ 2 

s 

G G 

OP G 

CP 

CP ci 

02 CP 

02 

-M 

« CO 



^ *co 

2 2 

£ ^ 

ft 

s 

•+^ G 
'G ^ 


o 


rt 


•V 02 


Sc" 

O g CO 

- 


a 

•4^ 

^ s 

Q. G 


'ft c3 
- 0 ) 


o 

p 

a 




.5 
*E • 
o 


.5^ SE 

« w 

S s 


— 
o o 
02 
C3 

C3 o 
u m 

G ^ 
O 

r§ 2 


.2 
o 43 

*02 

CP 

s 

M 

« S'S 

o ^ 


o 

a> 


C' o C* 

'S 

o ^ 

M cj 

G ^ 

o .2 

1 

rt 

fH 
CP 


c5 

u 

CP 


C 

OP 

fcJD 

CP 

ncJ 


C3 

CP 

o 

s 


G 

O 


® S 
02 bo 


^ 5 
g I 


»i -■ 

.S gog. 

o 
c3 


O w 
>H ra 
CP ^ 


OP 
bO' 


K rt .rt 

2 cS cS 


02 G 

G ^ 
02 4^ 
O ^ 
O 

2 & 
CP ^ 


CP 

*G 

o 

bJD 

CP 


c3 

CP 

o 

?>> 

s 


o 

*5 

OP 

4-» 

CP 

Cu 


o o 


• rH r-^ G 

S .2 .2 .2 2 

^ *4^ 

OP CP 


CYANIDE CIRCULATION TIME 

VENOUS 

cpeo Lo ooco cac<j -^cc b- 1 

CP T-t 

02 

5.2 

CRUDE 

PUL- 

JIONARY 

CPO fH CQ CO CO 'rji ri^ lO KO | 

OrH rH rHrH rHrH rHrH rH 

13 

ARM TO 

CAROTID 

see. 

13 

16 

20 

16 

2.0 

16 

18 

18 

22 

19 

18.3 

VITAL CAPACITY 

PER 

square 

METER 

e.e. 

980 

1800 

1190 

1740 

2100 

1100 

1830 

1270 

1840 

1870 

1572 

OB- 

SERVED 

e.e. 

1600 

3300 

'2300 

2850 

3200 

1800 

3250 

2200 

3200 

3200 

2690 

VENOUS 

PRES- 

SURE 

q, 

M"'” , 1 00 CO t- in 1 1 o 

S + -4- -f -I- -P + 

s 

4- 7.7 

ARTERIAL 

PRESSURE 

DIAS- 

TOLIC 

mm. Hg 
110 

35 

80 

65 

130 

80 

75 

75 

75 

120 

84 

SYS- 

TOLIC 

mm. Hg 
165 

150 

125 

100 

215 

140 

120 

130 

170 

185 

150 

HEART 

RATE 

per min. 
96 

78 

84 

92 

80 

78 

60 

84 

58 

82 

79 

AGE 

2Ci CO OiO iClP^ CiCO CO 

(N lOCC CO ^ CO 

49 

CASE 

NO. 

rH Cl CO loco b-CO Ci O 

rH 

Average 



KOBB-WEISS : VELOCITY OP PULjMONARY AND PERIPHERAL VENOUS BLOOD 745 


Patients With Cardiovascular Disease With Circulatory Failure 

Hypertensive Heart Disease. — Circulatory failure was present in 
seventeen patients with arterial hypertension and hypertensive heart 
disease (Table II). The majority of these patients suffered from parox- 
ysmal cardiac dyspnea. They all exliibited orthopnea and other clinical 
signs of pulmonary stasis^®; whereas onty approximately one-half of 
them showed peripheral edema. None showed cardiac arrhythmia. 

These patients with circulatory failure are divided into two groups: 
Group A, showing failure of the pulmonary circulation only ; and Group 
B, showing failure of the entire circulation. In the nine patients of 
Group A, the vital capacity ranged between 550 and 1,640 e.c. per square 
meter, with an average of 1,049 e.c., ivhich is 56 per cent below normal. 
The pulmonary circulation time varied between 13 and 22 seconds, 
averaging 16.8 seconds, or 58 per cent longer than the normal time. The 
arm venous circulation time, on the other hand, varied between 2 and 8 
seconds, with an average of 4.1 seconds, which is 9 per cent shorter than 
the normal time. The venous pressure was essentially normal, averaging 
8.2 cm. of water (6 to 11 cm.). 

Subsequent observations made in Cases 3, 5, 6 and 7 (Table II) after 
slight to moderate clinical improvement had occurred, revealed an in- 
crease in average vital capacity from 968 to 1,440 e.c. per square meter ; 
a decrease in the pulmonary circulation time from 17 to 15.5 seconds, 
and in the venous circulation time from 4.2 to 3 seconds ; and a lowering 
of the venous pressure from 9.5 to 6.8 cm. of water. In the four sub- 
jects (Cases 2, 7, 8, 9) who subsequently showed more advanced circula- 
tory failure, on the other hand, there was a decrease in the average vital 
capacity from 1,238 to 1,093 c.c. per square meter ; an increase in the 
pulmonary circulation time from 17.5 to 22.5 seconds, and in the venous 
circulation time from 3.5 to 4.5 seconds; and an elevation of the venous 
pressure from 7.5 to 11.8 cm. of water. Thus, coincident with clinical 
improvement there was a tendency toward a return to normal in these 
aspects of the circulation; whereas with more advanced failure, a further 
deviation from normal occurred. 

In the eight patients of Group B who exhibited failure of both pul- 
monarj'- and peripheral circulations the vital capacity averaged 1,055 
c.c. per square meter (700 to 1,310 c.c.), or 56 per cent less than normal. 
Both the pulmonary and the peripheral circulation times were increased, 
the pulmonary circulation time to an average of 22.5 seconds (13 to 35 
seconds), or 112 per cent longer than the normal time, and the arm 
venous circulation time to 8.8 seconds (2 to 25 seconds), or 96 per cent 
longer. The venous pressure, averaging 16.3 cm. of water (11 to 23 
cm.), was 123 per cent greater than the average normal pressure.- 

Four subjects of Group B (Cases 12, 15, 16, 17) subsequently showed 
moderate clinical improvement, ivith the disappearance of peripheral 



Table II 

The Pulmonary and Peripheral Venous Circulation Times in Patients With Hypertensive Heart Disease With Circulatory Failure 
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edema and either improvement or disappearance of orthopnea. The 
average vital capacity was increased from 1,070 to 1,600 c.c. per square 
meter; the pulmonary circulation time was shortened from 26.5 to 20.5 
seconds; and the venous pressure was lowered from 17.5 to 9.5 cm. of 
water. In the one instance with retarded venous circulation, the circula- 
tion time decreased from 25 to 8 seconds. Following a transient period 
of improvement Case 16 became more severely decompensated; coin- 
cidently the pulmonary circulation time was prolonged from IS to 23 
seconds, but the vital capacity and other aspects of the circulation 
showed no change. 

Arteriosclerotic Heart Disease . — The observations made in eleven pa- 
tients with generalized arteriosclerosis, myocardial degeneration and 
circulatory failure are presented in Table III. There was no evidence of 
antecedent arterial hypertension in any of these patients. In two cases 
the blood pressure ivas temporarily elevated during congestive failure, 
but it returned to normal with clinical improvement. All the members 
of this group exhibited orthopnea and cyanosis, and they all suffered 
from chronic pulmonarj’' emphysema as well as from myocardial disease. 

Six patients (Group A) showed clinical evidence of failure of the 
pulmonary circulation without peripheral circulatory abnormality. The 
average vital capacity was 968 c.c. per square meter (710 to 1,170 c.c.), 
or 59 per cent below normal; the pulmonary circulation time, 22.3 
seconds (15 to 33 seconds), or 110 per cent longer than the normal time; 
the venous circulation time, 6.7 seconds (3 to 14 seconds), or 49 per 
cent longer than the normal time; and the venous pressure, 6.7 cm. of 
water (3 to 11 cm.), or essentially normal. Coincident with clinical 
improvement in three cases (Cases 2, 4, 5), there was a considerable in- 
crease in the vital, capacity (1,000 to 1,533 c.c. per square meter), and a 
decrease in the pulmonary circulation time (22.3 to 17.7 seconds), but 
no significant change in the previously normal venous circulation time 
(5.3 to 5 seconds) or in the venous pressure (7.7 to 5.7 cm. of water). 

In five patients (Group B) in whom there was failure of both the pul- 
monary and the peripheral venous eii’culations, the vital capacity varied 
between 680 and 1,310 c.c. per square meter, with an average value of 
975 c.c., or a reduction of 59 per cent; the pulmonary circulation time 
ranged from 22 to 45 seconds, with an average of 28 seconds, or a pro- 
longation of 162 per cent ; the venous circulation time measured from 2 
to 20 seconds, with an average of 9.8 seconds, or a prolongation of 112 
per cent ; and the venous pressure varied between 7 and 20 cm. of water, 
with an average of 14.6 cm., or an increase of 100 per cent. Clinical im- 
provement occurred in all of these patients, and coincidently there was 
an increase in the vital capacity from 975 to 1,315 c.c. per square meter; 
a decrease in the pulmonary circulation time from 28 to 19.2 seconds, 
and in the venous circulation time from 9.8 to 6.2 seconds; and a de- 
crease in the venous pressure from 14.6 to 5.4 cm. of water. 
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Edema 0. 

3/27/31 64 110 50 5 2200 1300 — 27 20 7 Moderate improvement. Orthopnea 10°. 

6/ 6/31 108 125 95 3 2300 1120 - 47 33 14 Mild failure. Healed cardiac infarct. Ai 

ricular fibrillation. Orthopnea 35 
Edema 0. 
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Syphilitic Heart Disease . — The nine patients with syphilitic heart dis- 
ease suffered from paroxysmal cardiac dyspnea and showed the signs and 
symptoms of circulatory failure. As indicated in Table IV, aortic in- 
sufficiency was present in six of these patients, aortic aneurysm in four, 
and both of these lesions in three. In two patients (Cases 6 and 9) who 
exhibited no clinical or roentgen-ray evidence of aneurysm or aortic 
valve disease, sjqDhilitie aortitis with almost complete occlusion of the 
coronary ostia was found at neeropsj'’. 

Four patients (Group A), although decompensated, presented no 
clinical evidence of peripheral circulatory failure. The vital capacity 
ranged from 450 to 1,470 e.e. per square meter, Avith an average of 950 
C.C., AAdiieh is 60 per cent less than normal; the pulmonary circulation 
time A'aried betAveen 14 and 27 seconds, A\dth an average of 21 seconds, 
or 98 per cent greater than normal ; AAdiile the average arm venous circu- 
lation time of 5.8 seconds (3 to 8 seconds) and the venous pressure of 9 
cm. of AA’^ater (8 to 11 cm.) shcAA-^ed relatively slight increases of 29 and 
23 per cent, respectively. 

The five patients of Group B Avere more seA’erely decompensated and 
shoAved generalized circulatory failure. The average vital capacity, 
AAdiich AA^as 1,240 c.c. per square meter (1,000 to 1,455 c.c.), AA^as 48 per 
cent loAver than normal; the pulmonary circulation time, 30.2 seconds 
(22 to 43 seconds), 185 per cent longer than the normal time; the venous 
circulation time, 9 seconds (6 to 13 seconds), 100 per cent longer than 
the normal time; and the venous pressure, 16.6 cm. of AA’-ater (6 to 27 
cm.), 127 per cent above the average normal pressure. In Case 7, AAutli 
adA’-anced myocardial insufficiency, the absence of clinical improvement 
folloAAung rest, digitalization and dehydration corresponded Avith the 
absence of significant circulatory change. 

Rheumatic Heart Disease. — The nine patients (Table V) AAdio suffered 
from rheumatic A^alvular lieart disease AAuth circulatory failure exliibited 
the clinical and roentgenological signs of mitral disease. Aortic A’^ahmlar 
disease coexisted in one instance (Case 3), functional tricuspid insuf- 
ficiency in tAvo instances (Cases 3 and 4), and cardiac arrhythmia in 
three. In the Iaa-'o patients (Cases 5 and 7) AA^ho suffered from recurrent 
paroxysmal cardiac dyspnea and pain, severe coronarj^ arterial disease 
complicated the rheumatic heart disease. Case 1 (Group A), although 
decompensated, shoAved no peripheral failure. The venous pressure of 
6 cm. of Avater and the venous circulation time of 5 seconds are essen- 
tially normal, and are in striking contrast to the vital capacity of 1,280 
c.c. per square meter, AAliich Avas 46 per cent beloAv normal, and to the 
pulmonary circulation time of 19 seconds, AA'hich Avas 79 per cent above 
normal. 

In the eight eases (Group B) AAoth failure of both pulmonary and 
peripheral circulations, the Autal capacity, AAliich averaged 1,050 c.c. per 
square meter (510 to 1,510 c.c.), AA-as 56 per cent less than normal; the 
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pulmonary circulation time, averaging 25.9 seconds (21 to 35 seconds), 
and the venous circulation time, averaging 11 seconds (2 to 20 seconds), 
were both 144 per cent greater than normal; and the venous pressure, 
averaging 19.1 cm. of water (10 to 25 cm.), was 162 per cent above 
normal. Coincident with clinical improvement in three patients (Cases 
3, 5 and 7) there was an increase in the average vital capacity from 
953 to 1,500 e.c. per square meter ; a decrease in the pulmonary circula- 
tion from 25.7 to 17.7 seconds and in the venous circulation time from 5 
to 4 seconds ; and a decrease in the venous pressure from 20 to 7.1 cm. 
of water. 




Pig. 1. — Comparison of the respiratory response to cyanide in a normal subject 
(tracing 1) and in a patient with congestive failure (tracing 2). A, Injection; B, on- 
set of respiratory stimulation (10 and 29 sec., respectively) ; C, return to normal res- 
piration (24 and' 60 sec., respectively). Note the more delayed intense and prolonged 
stimulation of respiration in the patient with congestive failure. 


The Dosage of Cyanide and Respiratory Response in Circulatory Failure 

Tlie reaction to cyanide in patients with cardiac decompensation dif- 
fers in several respects from the reaction in normal subjects. Smaller 
doses of cyanide as a nile cause adequate respiratory stimulation. The 
average optimal dose for antecubital injection, 5.2 mg., or 0.26 c.c. of 
2 per cent aqueous solution, or 0.084 mg. per kilogram, was approxi- 
mately 25 per cent smaller than the average normal dose. As in normal 
subjects, approximately two-thirds of the antecubital dose gave a eom- 
jiarable response from jugular injection. In view of the increase in 
dosage found necessary with tlie radium emanation” and histamine^ 
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methods as a result of ''stringing out” in the blood stream, this reduc- 
tion in dosage is particulaidy significant and. may indicate a lowering of 
the threshold for .cyanide stimulation during circulatory failure. In our 
experience no untoward results have followed the administration of 
sodium cyanide to patients with circulatory failure except in one subject 
with malignant hypertension and nausea, in -whom vomiting occurred. 

The respiratory response to cyanide in circulatory failure is character- 
ized bj^ a relatively gradual onset, a more moderate increase in the rate 
and the amplitude of respiration, and a more gradual return to natural 
breathing. In severe failure, the resiionse may extend over a period 
several times as long as that occupied by the transient type of reaction 


I 




Figr. 2.— Comparison of the respiratory response to cyanide (tracing: 1) with the 
dye distribution curve (tracing- 2) in the same patient with heart disease. A, Time 
of injection; B, onset of respiratory stimulation (34 sec.), and appearance of dye in 
the femoral artery (32 sec.) ; G, disappearance of respiratory stimulation (74 sec.) 
and of tlie dye (74 sec.). Note the similarity of the two curves. 

observed in normal subjects. Normal and pathological types of respira- 
tory res])onse are illustrated by the tracings in Fig. 1. 

The long continued stimulation of respiration by cyanide in circula- 
tory failure is indirect evidence of the “stringing out” of the blood 
stream during its jiassage through the heart and lungs, Avhich Avas 
liostulated by Blnmgart and AVeiss^^ and other investigators, and has 
recently been demonstrated by the flattening and prolongation of the 
vital red distribution curve.’- The general similarity betAA'een the res- 
])iratory response to cyanide and the dye distribution curve in patients 
Avith circulatory failure (Fig. 2) suggested the employment of cyanide 
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for the estimation of the “mean pulmonary circulation time.” While 
this measurement ivas not feasible ivith the cyanide method, the char- 
acter of the curve reflects the character of blood flow through the lungs. 

DISCUSSION 

Critique of Method 

The reliability of the cyanide method for measurements of the velocity 
of blood flow depends primarily upon the accuracy with which the ar- 
rival of the cyanide in the carotid sinus is registered by respiratory 
stimulation. In circulatory failure, the accumulation of blood in the 
pulmonary circuit and the different velocities of blood flow through the 
vascular areas of the lungs cause a lowering of the initial concentration 
of cyanide arriving in the carotid sinus, and this tends to obscure or 
delay the onset of the respiratory response. The hyperirritability of the 
respiratory center under these circumstances, however, counteracts this 
tendency and thus lessens or prevents erroneous prolongation of the 
circulation time. In order to evaluate the reliability of the cyanide 
method, the results obtained were compared with those obtained with the 
radium emanation and dye methods. 

Com2:)arison With the Radium Emauatiou Method . — In patients with 
heart disease, as in normal subjects, the results obtained witli the cyanide 
and radium emanation methods were found to be almost identical.^ In 
patients with compensated cardiovascular disease the velocity of pulmo- 
nary blood flow as measured by both methods was found to be normal 
or .slightly diminished, and the peripheral circulation essentially normal 
(Table I). In the forty-six patients ivith circulatory failure, on the 
other hand (Tables II to V), the cyanide pulmonary circulation time 
averaged 23.2 seconds (13 to 45 seconds), or 119 per cent longer than the 
normal time; while the pulmonary circulation time measured by the 
radium emanation method in twenty-two patients with comparable types 
of heart disease and comparable severity of failure averaged 26.1 seconds 
(14.5 to 67 seconds), or 142 per cent longer. The general correspond- 
ence of the severity of decompensation in these two groups of patients is 
t'urther indicated by the reduction of the vital capacity to 1,071 and 
1,349 c.c. per square meter, respectively. ^Measurements of the velocity 
of venous blood flow were also in sati.sfactory although le.ss striking 
agreement. The average cyanide arm venous circulation time, or 
“venous A-eloeity index,” was 7.5 .seconds (2 to 25 seconds), or 67 per 
cent longer than the normal time, as compared with the “arm to heart” 
circulation time of the radium emanation method of 14.5 seconds (4 to 
31 seconds), which was an inerea.se of 123 per cent. The shorter circula- 
tion times of the pulmonary and peripheral venous circulations obtained 
with the cyanide method indicate the reliability of the method. 
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Coviffirison With the Bye Circnlation Time. — In normal subjects, the 
cyanide arm-to-earotid circulation time is in close agreement with the 
arm-to-femoral circulation time determined by the dye or glucose 
method; in eight subjects it was found to average 1.3 seconds less than 
the glucose circulation time.'^ Forty determinations made with these 
methods in twenty-seven patients with circulatory failure revealed in 
general a satisfactory agreement (Tables'll to V) : 26.7 seconds (15 to 
65 seconds) for the average cyanide circulation time; and 25.1 seconds 
(15 to 68 seconds) for the dj^e circulation time. In twenty-five deter- 
minations (with one exception) the cyanide circulation time was the 
greater by 1 to 6 seconds ; in eight determinations it was the smaller by 
1 to 4 seconds ; and in seven instances no difference was detected. The 
more uniform concordance observed in normal subjects is not to be ex- 
pected here, as the comparative determinations were made consecutively, 
not simultaneously, and were carried out under the slightly different 
experimental conditions required by each method. Case 9 (Table IV) 
illustrates the accuracy of the cyanide circulation time in extreme circu- 
latory failure marked bj" intense dj^spnea and pronounced retardation of 
blood flow. The cyanide circulation time was prolonged to 65 seconds ; 
the dye circulation time measured 68 seconds. 

The close correspondence of the measurements of the pulmonary circu- 
lation time obtained with the cyanide, radium and dj^e methods is sub- 
stantial evidence that in patients Avith cardiovascular disease, as in 
normal subjects, the cyanide method provides a practical and reliable 
index of the A^elocity of pulmonary and peripheral venous blood flow. 

Types of Circut-atory Failure and Changes in the Hemodynamics 

A correlation of the results of the circulatory measurements Avith the 
degree of disability of the patients failed to reveal a strict relationship. 
In general, the greater the deviation from the normal values, the more 
severe AA'ere the symptoms. The reverse relationship, namely, marked 
cardiac disability associated A\'ith great changes in the blood floAv and in 
other aspects of the circulation, AA^as not necessarily present. 

Among the aspects of the circulation studied, the Aotal capacity of 
the lungs AA-as the first to shoAv a change. At times it reached a leA'^el 
of 50 per cent of the normal Amlue, A\4iile the pulmonary blood floAV 
shoAA’ed only a slight degree of sloAA'ing. With more seA'^ere circulatory 
failure fxirther reduction in the Autal capacity of the lungs AA-^as rela- 
tively small, Avhile the sloAA'ing of the pulmonary blood Aoaa" became 
rather marked. At this stage there often appeared also a decrease in 
the A'elocity of the venous blood floAA’^ and a progressive elevation of the 
peripheral A'enous pressure. These findings suggest that a relatively 
small amount of pulmonary engorgement can induce an appreciable re- 
duction in the vital capacity of the lungs, AA’hile further engorgement 
liroduces proportionately little change. 
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We wish to call particular attention to the behavior of tlie circulation 
in two groups : 

1. In several instances (Cases 1, 3, 10 — Table II; Case 1 — Table TV) 
the pulmonary circulation time remained within normal limits despite 
clinical, x-ray and vital capacity findings characteristic of pronounced 
stasis in the pulmonaiy circulation. Tlie exact explanation of these 
findings cannot be given from available data, but there is evidence sug- 
gesting that pulmonary vascular hypertension was the responsible fac- 
tor. The sharply accentuated, ringing, pulmonic second sound invari- 
ably present speaks also for exceptional pulmonary hypertension in these 
cases, while the values for cardiac output, pulmonaiy blood volume, 
minimal and mean pulmonary circulation time obtained with the vital 
red method’^® denote the relative normality of blood flow through the 
lungs, and therefore exclude pulmonary stasis as an important factor.’^ 
The inference is that the manifestations of circulatory failure, under 
these circumstances at least, are caused primarily by an increased pres- 
sure in the pulmonary vascular bed which induces stiffening of the lungs 
and extravasation of fluid from the pulmonary capillaries, without alter- 
ation of the pulmonary blood flow. 

2. In a group of patients with arterial hypertension, and with syphi- 
litic and arteriosclerotic heart disease often associated with cardiac 
asthma and marked disabilit.y, there occurred a reduction in the vital 
capacity of the lungs and a slowing of the pulmonary blood flow, but 
no retardation of the peripheral venous blood flow and no elevation of 
the venous pressure. This behavior of the peripheral blood flow was 
verified clinically by the rapid filling of the brachial vein following emp- 
tying, and bj’" the absence of peripheral edema and hepatic enlarge- 
ment. In several instances the venous circulation time was appreciably 
shortened. This latter behavior of the venous circulation may be the 
I’esult of the following factors singly or combined: (a) a constriction of 
the peripheral veins, as observed in a number of these patients; (b) an 
increase in the aspiratory action of the thorax, as indicated by the 
inspiratory retraction of the intercostal spaces, and by the simultaneous 
rhythmic fall in the arterial and venous pressures; (c) an accumulation 
of blood in the lungs, leading to a reduction of the peripheral eirculatory 
blood volume. 

These clinical and expez’imental obseiwations indicate that failure of 
the imlmmmry circulation alone h frequently respmisihle for severe dis- 
ohdity. In the majority of instances of circulatory failure, however, 
severe distui’bance of the pulmonary circulation is associated with 
changes in the greater circulation. 

su:m::wary 

1. Sodium cyanide in amounts sufficient to produce adequate stimula- 
tion of respiration can safely be administered to patients with eardio- 
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vascular disease. The average of¥eetivc dosage is approximately three- 
fourths that required by normal .subjects; 5.2 mg., or 2.6 c.c. of a 2 
per cent solution, ■which is equivalent to 0.084 mg. per kilogram. The 
fact that the respiratory center is hyperirritable to c.vanidc in the pres- 
ence of cii’culatory failure makes this method particularly suitable for 
the measurement of the velocity of blood flow in heart disease. No \m- 
toward results have followed its administration to patients with circula- 
tory failure when given in amoxints sufficient to produce marked stimula- 
tion of re.spiration. 

2. The curve representing respiratory response following administra- 
tion of cyanide reveals the character of the ])ulmonary blood flow in 
heart disease. 

3. Comi)arative measurements of the circulation time obtained with 
the cyanide, radium emanation, and vital red methods reveal that results 
obtained Avith the cyanide method are reliable indices of the velocity of 
blood flow in the pulmonary and peripheral venous circulations. As a 
rule the prolongation of the circulation time paralleled the severity of 
circulatory failure. 

4. Marked reduction in the Autal capacity of the lungs ma.v develop at 
an early stage of circulatory failure Avhen the velocity of pulmonary 
blood floAv shoAvs slight or no decrease and the ])eripheral A^enous circula- 
tion, as Avell as the venous pressure, is normal. 

5. In a grouj) of i)atients Avith arterial hypertensioiA and intense 
dyspnea, evidence Avas obtained that pulmonary vascular hyiAcrtension 
existed Avithout retardation of the blood floAv through the lungs. 

6. In a group ol' patients Avith disability due to hypertensive, syphi- 
litic, or arteriosclerotic cardioAm.scular disease, disturbances of the pul- 
monary circulation Avere associated Avitli normal i)eripberal venous circu- 
lation. 

7. OAving to the numerous factors influencing hemod.ynamics, no strict 
correlation existed betAveen clinical manifestations and the aspects of the 
circulation .studied. Statistically, progre.ssiA’c reduction in the vital 
capacity and in the velocity of the ])ulmonary and peripheral venous 
blood floAv, as Avell as an elevation of the A'cnous pressure, are associated 
Avith an increasing degree of disability. 
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■ PULMONARY HEART DISEASE IN PNEUMOCONIOSIS* 

John M. Dyson, M.D. 

Hazleton, Pa. 

P ULMONARY heart disease, or cor pulmonale, is an entity character- 
ized by right ventricular enlargement, especially marked in the out- 
flow tract (conus arteriosus and pulmonarj^ arterj"). It results from 
diseases which impede the pulmonaiy circulation, and has been recog- 
nized at post-mortem examinations for a great many years. Schroetter^ 
described it in 1876. Similarly it is referred to in most textbooks of 
pathology (e. g., MacCallum-) and in exliaustive treatises on heart dis- 
ease (e. g., White^) where it receives adequate description of its etiology, 
symptomatology, diagnosis, and treatment. 

The ante-mortem diagnosis of iDulmonary heart disease could not be 
proved before tlie advent of tlie roentgen-raj* and the electrocardiogram. 
With progress in roentgen-ray study of heart disease, however, right 
ventricular enlargement is now recognizable when tlie normal concavity 
on the left border of the cardiac silhouette is replaced by a bulging con- 
vexity reiiresenting enlargement of the pulmonary artery and conus 
arteriosus. This fundamental observation was first made by Assmann,'* 
and has been emphasized repeatedly since.®’ *• Electro- 

cardiography further enhances the possibility of diagnosis when shoAV- 
ing I’ight axis deviation. 

The present paper is concerned Avith pulmonary heart disease result- 
ing from pneumoconiosis in anthracite coal miners — a group AAfliich in- 
hales great amounts of carbon together Avith silica particles, is not 
particularly susceptible to tuberculosis, and achieves fair average 
longevity. The conclusions reached are believed applicable in this type 
of pneumoconiosis, but by no means should they be applied to the pure 
silicosis of noncarbon Avoi’kers, a disease generally terminating early in 
disability and death from “ silico-tuberculosis. ” 

Because of its industrial incidence, disabling features, and compensa- 
tion potentialities, pneumoconiosis has achicAmd great importance. As a 
disease entity characterized by long-standing pulmonary fibrosis, suf- 
ficient to impede pulmonary circulation, it is urged that it be entitled to 
a place of its oaa’h among the potential causes of pulmonary heart dis- 
ease. Puifhermore, since the roentgen-ray and electrocardiogram to- 
gether are noAv able to indicate the presence of pulmonaiy heart disease 
ante-mortem, it seems expedient to present our obseiwations regarding 
its incidence and symptomatology in a series of anthracite coal miners. 

•From the Jfodical Service of the Hazleton State Hospital. 
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Wliile CO?' imlmonale has an incidence of only 0.9 per cent in Boston, as 
White® states, it is not so infrequent in the hard coal regions, and should 
not he neglected as an oddity. Future investigations of pneumoconiosis 
will be far more accurate in prognosticating disability from right heart 
failure if the pulmonary arteiy shadow is understood, and if the pres- 
ence or absence of right axis deviation is ascertained with the galvanom- 
eter. (If pneumoconiosis eventually becomes coiniDensative, the economic 
aspect of these facts may be enormously important.) 

INCIDENCE 

From July, 1931, to October, 1933, 213 eases of pneumoconiosis were 
examined in the Hazleton State Hospital. Of these 51 (or 24 per cent) 
were first stage, 94 (or 44 per cent) were second stage, and 56 (or 26 
per cent) were third stage cases. The classification is that of Pancoast 
and Pendergrass, as given bj^ Sante.^® Twelve eases (or 6 per cent) were 
unclassified since the pathologic condition was doubtful, or the probabil- 
ity of tuberculosis great. 

In 86 patients the pneumoconiosis was probably insufficient materially 
to increase the resistance to the pulmonary circulation. These were gen- 
erally the first or early second stage cases. In 127 patients the pneumo- 
coniosis was marked enough to obstruct the pulmonary circulation. 
These were the marked second and third stage cases. Table I shows the 


T.vble r 
Incidence 


1 

TYPE OF CARDIAC 

SILHOUETTE 

SUFFICIENCY OF PNEUMO- 
CONIOSIS TO RESIST PULMONARY 

CIRCULATION 

INSUFFICIENT 1 SUFFICIENT 

86 CASES j 127 CASES 

Normal cardiac silhouettes 

64 

i 

i 

Enlargement of transverse diameter (unrelated 

14 

1 17 

cardiac hypertrophy) 

1 


Tortuosity, dilatation, of aorta (arteriosclerotic 

0 

11 

heart disease) 



Enlargement of pulmonary artery and conus 

0 

18 

shadows (pulmonary heart disease) 



Same, but from mitral stenosis 

,3 

0 

Totals 1 

86 

127 


Total eases of pneumoconiosis studied: 21." 


various types of cardiac silhouettes found, together with their incidences. 

Pulmonary heart disease, evidenced by enlargement of the pulmonary 
artery and conus shadows, was found in 18 cases. The incidence, there- 
fore was 14 per cent (18 among 127 cases) in pneumoconiosis .sufficient 
to cause it, and 8.4 per cent (IS among 213 cases) in pneumoconiosis of 
all stages. Incidence based on the total number of cases of all organic 
heart disease (miners and non-miners) seen in the hospital during the 
same period is 2.9 per cent (18 among 608 cases). 



TYPE or CMUn.lC 


.surnciENCY or pneumo- 
coniosis TO UESIST rUI.MONAP.Y 


1 1 . 




' ‘\I, 

■«rV5i <'l A-niniii 
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SYMPTOMATOLOGY 

In tiiis series of 18 cases, none had histories of syphilis, and none had 
positive or doubtful Kahn tests. None presented a liistory of rheumatic 
fever except Case 18 (J. R.). No case presented clinical evidence of 



Fig:. 1. — Case 1, M. H., second stage pneumoconiosis, with pulmonary heart disease, 

conftrmed by autopsy. 



Fig. 2. — Electrocardiogram of Case 1. made two houiT before death ; i-igl>t axis 

deviation. 


mitral stenosis. All blood pressure readings were considered normal or 
subnormal for the age. !Many of the cases showed a pulmonic second 
sound louder than the aortic. The important symjitoms together with' 
the roentgenological and electrocardiographic findings are tabulated in ' 
Table II. 
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Tho (ilicst lilnis, lo-retlior with llu* rlccti-ocanlicifrranis of 2 (•aso.s arc 
illustrated. (Fijis. 3. 2, 2, 4.) (’asos 2, 2. 4. r», and fi were illusiratcd in 
a ]irovi()Us jniblication.’’ 'I'lie ri'inainder nf the series have similar ehost 



Flpr. 3. — Cn.^o 8, .T. S, .second .stiiKc pncuinoconlo.sl.s. with cnluraoiin-nt of tninsviTfi*' 
dhiniclcf of the hctirt to riKht nnU left, nnd itiilmonnry heurt di-siei.se. 



Pig. 4. — ElcclrociiedioKi nni of Ca.so S. Klght axis deviation ; prominent P-wavo.s In 

Eends II and III. 


films. The electrocardiograms also are .similar to those illustrated, Avith 
the exception of Cases 10, 34, and 38, Avhieh,shoA\:od left axis deAuation, 
normal tracing^, respectively. 


>• Vi-s 

r-* 't' 
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Case 13 presented frequent extrasystoles. Cases 12 and 17 showed 
auricular fibrillation together with right axis deviation. or To in- 
version Avas met with in Cases 9, 10, 17, and 18. Abnormally large 
P-Avaves Avere found in Cases 8 and 16. Attention is called to the fact 
that, Avhile the majoritj'- of these patients are disabled, only tAA^o are 
IcnoAAm to have died. 

Post-mortem examination AA^as obtained on Case 1, M. H., aa'Iio died of 
right heart failure. The heart AA'eighed 450 grams. The pulmonary 
artery AA'^as much larger than the aorta and Avas greatl,v distended. The 
right chambers Avere enlarged. All valves AA^ere of normal structure, and 
their circumferences in centimeters AA^ere: aortic 9.0, pulmonic 11,5, 
mitral 8.7, and tricuspid 11.0. The thickness of the right A^entricular 
AA'all varied betAA'een 0.7 and 1.3 cm. near the apex to 2.0 cm. at the base 
near the tricuspid valve. The thickness of the left A^entriele did not 
exceed 1.9 cm. (Microscopic study shoAA'ed hyperjilasia and hypertrophy 
in the right ventricular myocardium. Pale staining AA'as noted, and also 
hydropic degeneration and degenerative fragmentation.) 

SUMMARY AND CONCLUSIONS 

1. Pulmonary heart disease is described, together AAUth its diagnosis 
by roentgenography and electrocardiography. 

2. A series of 18 eases of its occurrence in pneumoconiosis is pre- 
sented to illustrate incidence and symptomatology. 

3. The disability and incidence indicate that pulmonary heart dis- 
ease is not a rarity in anthracite coal miners, and must not be neglected. 

4. It is urged that pneumoconiosis, because of its great economic and 
industrial importance, be more generally considered an important cause 
of pulmonary heart disease. 

5. No attempt is made to explain Avhy pulmonary heart disease occurs 
in some eases of marked pneumoconiosis, but not in others equally 
marked. 
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THE EFFECT OF GENERALIZED ANOXEMIA ON THE 
ELECTROCARDIOGRAM OF NORMAL SUBJECTS. ITS 
BEARING ON THE MECHANISM OF ATTACKS OF 
ANGINA PECTORIS'M 


L. N. KatZ;, M.D., W. W. Hamburger, M.D.. and W. J. Schutz, ^I.D. 

Chicago, Ilu. 


E vidence has accumulated that characteristic changes in the S-T 
segment and T-wave accompanj" sjiontaneous and induced attacks 
of angina pectorisd'® The procedures (viz., exercise, insulin, adrenalin, 
generalized anoxemia, etc.) employed to bring on attacks of angina 
pectoris in patients suffering from this disease have been found to pro- 
duce the electrocardiographic changes even when they failed to cause 
anginal attacks.”'^ Furthermore these procedures have been found to 
cause similar electrocardiographic changes in patients without a liistory 
of angina pectoris and in normal subjects used as controls (Katz, Ham- 
burger and Lev,® Scherf and Goldhammer,® and Rothschild and Kissin**). 
The number of normal subjects so studied has been limited. The pi’esent 
report deals with observations on a further group of seventeen normal 
subjects. It supports the view that electrocardiographic changes such 
as occur during anginal attacks can appear without being accompanied 
by angina, pectoris. 

Generalized anoxemia such as that produced in the present study, lias 
been reported to cause shifts in the S-T segment in animals (Kountz 
and Gimber^® and more recently Kountz and Ilammouda”). Greene 
and Gilbert^® reported that the T-wave in normal human subjects be- 
came flattened, diphasic or inverted as anoxemia develoiied. Ilowevci', 
they did not report on the effect of anoxemia on the S-T segment. Re- 
cently, Rothschild and Kissin'* found a dejire.ssion in the S-T segment 
in one of the two nonnal subjects they studied, and no change in the 
other. 


METHOD 


Tlie generalized ano.veinia was induced liv rcDreathing from a recording b'cgment 
spirometer of 70 liter capacity similar to the one designed by Bnrlage and Wiggors;V! 
a two-way flap valve was used to direct the expired air back into the spirometer 
through a soda-lime container to remove the CO.. The completeness of CO, re- 
moval was checked by analyzing samples of air from the spirometer with iUarriott 
tnbes,i4 Before each experiment the spirometer wa.s thoroughly aerated and then 
calibrated. The subject reclined comfortably on a cot during the rebreathing. Con- 


*Froui the Heart Station. Jliciiael Reese Hospital, t' 

n Frederick K. Bab.son and the Emil and 

the Study of Disease.? of the Heart .and Circul.ation. 


hieago. 
Fanny R. 
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trol electrocardiogram, blood pressure and heart rate were obtained, and these 
observations were repeated during the course of the anoxemia and following the 
resumption of breathing room air. The respiratory excursions were inscribed on a 
smoked paper kymograph by means of a lever moving with the rubber covered top 
of the segment spirometer. The excursion was calibrated in liters, and time was 
recorded in 5-second intervals. The minute volume of respiration was obtained from 
the curve by computing the product of amplitude of respiration in liters and the 
rate of respiration per minute; the control reading was obtained from the curve 
inscribed during the first minute of rebreathing. Since the e.xpired CO., was absorbed 
before the rebreathed air was returned to the spirometer, there is a slight error in 
this comiiutation. 


I II III 



Fig-. 1. — Normal subject W.S. Standard three leads of electrocardiogram during 
induced generalized anoxemia. Segment A, control while breathing room air. Seg- 
ments B, C, D and E successive stages during rebreathing (D and H being taken in 
rapid succession just before end), O 2 content of inspired air being respectively about 
17.8, 13.7 and 9.6 volumes per cent. Segment F was taken two minutes after resum- 
ing breathing of room air. 

Tlie level of the pointer mo^dug with the rubber covered top of the segment 
spirometer was maintained constant bj' running in water throughout the experi- 
ment from a graduated 20 liter bottle in amounts sufficient to replace the oxygen 
consumed. The oxygen content at various stages of the test was computed from 
the quantity of water run out of the bottle at the time of estimation. As a check, 
a sample of the spirometer air obtained at the end of the rebreathing was analyzed 
with a Haldane apparatus for its O, and COj content. 

The rebreathing was terminated on signal whenever the subject felt moderately 
uncomfortable. However, the subject was closely watched, since events move rapidly 
at the critical stage and unconsciousness may develop abruptly. The duration of the 
rebreathing period in this series varied from twenty-five to thirty-five minutes. 
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RESULTS 

The essential changes observed in this series of subjects are sum- 
marized in Table I, and records illustrative of the sequence of the 
electrocardiographic alterations are shown in Figs. 1 to 4. 

It was found that during the induced generalized anoxemia, the most 
consistent changes in the electrocardiogram were a flattening of tlxe T- 


I 


II 


III 



Pig. 2. — Normal subject C.M. Standard three leads of electrocardiogram during in- 
duced generalized anoxemia. Segment A, control while breathing room air. Segments 
B. C. D. E and P, successive stages during rebreathing (E and F being taken in 
rapid succession just before end), O- content of inspired air being respectively about 
1S.4, 15.8, 13.2 and 10.6 volumes per cent. Segment G was taken seven minutes after 
resuming breathing of room air. 


wave in one or more leads, in some instances followed by its inversion 
(Pigs. 2 and 4). In practically every instance, the level of the S-T 
segment tended to be shifted downward during anoxemia. Since the 
S-T segment in many of these subjects was definitelj’" elevated above 
the isoelectric level at the start — a not uncommon finding in normal in- 
dividuals — the downward shift during anoxemia resulted, in some in- 
stances, merely in the S-T segment becoming less elevated. However, 
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in many instances the S-T segment actually became isoelectric or was 
depressed below the isoelectric level. 

The changes in the T-wave and in the S-T segment were progressive 
in character and developed gradually as the oxygen in the inspired air 
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DISCUSSION 


The electrocardiographic changes produced in this series of normal 
subjects by generalized anoxemia resemble those occurring during spon- 
taneous or induced attacks of angina pectoris. It is important to stress 



Fig-. 4. — Normal subjec^. J.R. Standard three leads of electrocardiog-ram during in- 
duced generalized anoxemia. Segment A. control while breathing room air. Segments 
C. D, E, F and G, successive stages during rebreathing (P and G being taken in 
J‘^P*d succession just before end). O 2 content of inspired air being rcvspectively about 
18.5. 16.0, 13.5, 11.0 and 8.5 volumes per cent. Segment H was taken four minute.^ 
after resuming breathing of room air. 


that these electrocardiographic changes occurred -svithout any symptoms 
of precordial distress. The rebreathing in every instance was stopped 
at command of the subject, because of discomfort or when the patient 
became unconscious. (This latter event occurred in only a few subjects.) 
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In 6 patients suffering from angina pectoris, who Avere tested in the 
same Avay as the normal subjects, 4 deA^eloped electrocardiographic 
changes similar to those obseiwed in the normal subjects AAuthout the 
appearance of preeordial distress. The frequency of pi-ecoi-dial pain in 
this small series of angina pectoris cases is less than that reported by 
Kothschild and lOssin.® 


I 


n 


III 



Pig'. 5. — Subject T.P. (angina pectoris). Standard three leads of electrocardiogram 
during induced generalized anoxemia after which patient developed anginal pain. Seg- 
ment A, control while breathing room air. Segments B. C, D, B and F, successive 
stages during rebreathing (E and F being taken in rapid succession just before end), 
the O; content of inspired air being respectively approximately 18.0, 15.0, 12.0 and 
9.0 volumes per cent. However, no analysis of inspired air was made at end of re- 
breathing. Segment G was taken five minutes after resuming breathing of room air. 
Note the right axis shift in this patient which persisted and increased even after 
breathing of room air was resumed ; the record taken after resuming breathing of 
room air shows other abnornialitie.s. 


Our residts emphasize the fact that Avhile anoxemia (and cardiac 
ischemia) consistently tends to produce characteristic electrocardio- 
graphic changes, it does not lead incAutably to attacks of anginal pain. 
It has been definitely established by Avork in this laboratoiy by Kissin^^ 
and PerloAv, jMarkle and Katz^'’ that generalized anoxemia aauII cause 
pain in an exercising normal skeletal muscle. There is also no doubt 
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^ Figr. b.-— Subject "W-A. (angina Dcctoris). Stanilaril three leads of electrocavdio- 
f??*” chiring induced generalized anoxemia during wliich patient developed anginal 
pain. Segment A. control wliile breathing room air. Segments B. C. D, E and F. 

stages during rebreathing, Oj content of inspired air being re.spectivelv ap- 
proximately 18.4, 15.7, 13.0, 10.3 and 7.6 volumo.s per cent. Segments G and H verc 
laKen four and thirty minutes respectively after resuming broatliing of room air. 

that generalized anoxemia may pi-ecipitate an attack of angina pectoris 
in patients suffering from this (lisea.se. as was shown liy Rothschild and 
Kissin'' and Dietrich and Sehwiegk’'" and in two of the patients tested 
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by US. Nevertheless, generalized anoxemia as severe as the above fails 
to produce attacks of anginal pain in normal subjects and in some 
patients suffering from angina pectoris, even though the electrocardio- 
graphic changes produced resemble those seen where attacks of angina 
pectoris are brought on by anoxemia. Some other process besides anox- 
emia (or ischemia) therefore seems to be required for the appearance 
of attacks of anginal pain. This factor is absent during the time of re- 
breathing in the normal subjects and in some of the patients with angina 
pectoris. 

It seems to us that this variable is the condition of the neiwous system, 
either of the end organs in the heart, of the afferent iiathways to the 
brain, or of the sensorium of the subject. Our knowledge at present 
is too meager to define with any degree of accuraej^ what factois are 
concerned in affecting these parts of the nervous system. This variable 
factor prevents the accurate prediction of the occurrence of pain during 
generalized anoxemia in iiatients suffering from angina pectoris. 

Since pain is not always induced by generalized anoxemia in patients 
with angina pectoxds, apparently this is not an accurate test for this 
disease. The induction of severe generalized anoxemia throws an undue 
strain on the heart, especially in patients with cardiac disease, and maj’ 
be a serious hazard to the patient. The procedure gives diagnostic in- 
formation in only a small proportion of the cases of angina pectoris 
and should be undertaken in patients Avith heart disease only Avith full 
realization of the risk inAmlved. 

SUjMMAEY 

It Avas found that the induction of generalized anoxemia in normal 
subjects produced a diminution in the amplitude of the T-wave, at times 
leading to its invei'sion. At the same time the S-T segment was de- 
pressed and at times became negatiA’^e. Similar changes were produced 
by generalized anoxemia in patients suffering from angina pectoris. 
These electrocardiographic changes occurred without the appearance of 
anginal pain in the noi*mal subjects and in four of six patients suffering 
fi-om angina pectoris. HoAvever, tAVO of the six patients, Avith angina 
pectoris did dcA^elop typical mild anginal pain. 

It is therefore concluded that some process in addition to anoxemia 
(or ischemia) is concerned in the production of the pain of angina 
pectoi’is. This process is a A^ariable Avhich preA'^ents the accurate pre- 
diction of the occurrence of pain during induced anoxemia. Because of 
the Amriability in the results and of the hazard to the patient, the use 
of induced anoxemia as a test for the pi’esenee of angina pectoris is of 
questionable A'alue. 

We are indebted to the volunteers Avho acted as subjects for this study. 
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ELECTKOCAEDIOGRAPHIC OBSERVATIONS ON THE 
CAROTID SINUS REFLEX 

Louis H. Siguek, jM.D. 

Bkookuyn, N. Y. 

T he electrocardiographic manifestations of direct, vagal stimulation 
have been studied experimentally in animals by Rothberger and 
Winterbergd Einthoven and AVieringcr,- Cohn/’ Lewis,* and others. Al- 
though their observations varied somewhat in detail, in the main their 
conclusions were the same. The usual findings were sinus slowing, sino- 
auricular standstill and varying degrees of heart-block, from mere delay 
to complete dissociation. Occasionally, .shifting of the ])accmakcr from 
the upper to the low'er end of the sinus node was observed. Ectopic 
foci of impulse formation developed in .some eases, resulting in auricular 
or ventricular escape from vagal inhibition. The ventricular portion of 
the conduction apparatiis was rarely influenced by vagal stimulation. 
Increased height of the R-wave and diminished height of the T-wave 
were occasionally induced. In general the right vagus nerve had its 
main effect on the inhibition of the impulse formation, while that of the 
left was on the aurieuloventricnlai’ conduction’. 

Comparatively few electrocardiographic studies of the vagal ■ effect 
upon the human heart are recorded in the literature. The findings of 
those reported are in general the same as those seen in ex])erimental 
animals. Robinson and Draper'’ induced vagal effect by “])ressure on 
the vagus nerve in the neck.” They found inhibition to the impulse 
formation and occasional increase in the R-wave to be the usual right 
pressure effects. Left effects were mainly those of delay in auriculo- 
ventrieular conduction, and occasional decrease in the R-Avave. The 
T-Avave Avas .slightly flattened. No significant changes Averc found in the 
P-AvaA’^e. LeAune® induced his A^agal effect by the oculocardiac reflex. 
Pressure on the right eye induced occasional changes in the P-Avave Avith 
frequent inhibition of the sino-auricular node. Pressure on the left had 
more effect on the auriculoA’^entricular conduction. 'Wilson’’’ reported 
a case shoAving abnormal ventricular complexes and nodal rhythm on 
Amgal stimulation. I® reported a case of partial bundle-branch block in 
AAdiich reflex vagal stimulation ])roduced normal ventricular complexes. 
This Avas attributed, hoAvever, to sloAving of the heart AA'ith its re.sultant 
recuperative effect on the interventricular conduction apparatus and not 
to direct effect of the vagus on that apparatus. Laslett® found no marked 
diffei’ence in the effects of the tAA'^o neiwes. SloA\dng occurred in the 
proportion of 68 to 55 for right and left nerves respectWely. Pro- 
longed conduction occurred in the proportion of 15 to 23 for the right 
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and left nerves. Kleeman’s^° findings were about the same. Eitcliie^^ 
found the inhibitory effect of the left vagus to be less than that of the 
right, both on rate and on conduction, in a case of auricular flutter with 
transient fibrillation. 

In previous communications^-’ I reported the results of a clinical 
study of the carotid sinus reflex in a series of 345 eases. Electrocardio- 
grams Avere made on a number of these eases immediately before and 
during the time the reflex was induced. This paper deals with an analy- 
sis of fifty represent^th’e electrocardiograms in this series. The reason 
Avhy the findings in only 50 eases are reported, is that only these cases 
had been observed for a considerable length of time. Each had had at 
least two electrocardiographic examinations on previous occasions and 
one just before the carotid sinus reflex was elicited. This precaution 
Avas taken to rule out the possibility of any electrophysiological disturb- 
ances that might have occurred Avithout the reflex. In each ease, the 
electrocardiographic effects of the reflex Avere immediate and definite 
and lasted only during the period such reflex Avas induced. A response 
could be produced in each case only by the reflex. 

ANALYSIS OF FINDINGS 

Each electrocardiogram Avas obtained first in the three standard leads 
before carotid sinus pressure. The lead shoAving the highest deflection 
Avas then chosen for study of the effects of such pressure. About 8 to 12 
deflections Avere recorded for each of the right and left vagal effects. In 
the majority of cases only the finst 8 deflections shoAved any deviations 
from the original tracing. In each tracing obtained before and after 
carotid sinus pressure, the interauricular and interA’entricular time in- 
tervals and auriculoventrieular conduction time Avere calculated. Like- 
Avise, the ueAv rhythm and any ncAv features that developed Avere noted. 
Thus any auricular and ventricular sloAving, acceleration, aurieuloven- 
tricular conduction disturbances and other abnormalities could be seen 
at a glance from the figures obtained. The findings obtained by carotid 
sinus pressure Avere further classified according to the form of disturb- 
ance of impulse formation and conduction and the changes that occurred 
in the auricular and ventricular complexes. Table I is a summary of 
this classification. 

The predominant vagal effect obtained aa-rs sloAA'ing of the entire heart. 
In this respect left carotid sinus pressure shoAved more freipient re- 
sponse than did the right. Complete stopiiage of the heart occurred 
tAviee as frequently Avith right as AAuth left carotid sinus jiressure. j\Iild 
grade auriculoventrieular block occurred as frequently Avith right as 
witli left carotid sinus pressure. High degree block (Pig. 1 ) occurred 
more than tAA'ice as frequently Avith left carotid pre.ssure as Avith right. 
A curious finding AA’as a shortening of the auriculoventrieular conduction 
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time, which Avas obtained twiee Avith right and once. Avitlr left;, pi!es 3 ure 
effect. Variations in the normal anriculoA'entricular conduction • time 
even in the same case Avere frequent. This occurred about three times 
as often Avith right as Avith left carotid sinus pressure. Ventricular 
escape from inhibition (Fig. 5) as aa^cII as nodal rhythm (Fig. 3) Avere 
occasionally observed. Sinus arrhythmia associated AAdth sinus sloAAung 
AA^as an occasional finding (Fig. 2). 


_ Table I 

SU.MJIARA" OF ELECTROCARDIOGRAFIIIC FINDISGS OBTAINED IN lilGIlT AND LEI'T 

Carotid Sinus Pressure 



RIGHT 

LEFT 


Sinus Slowing — Simple 

14 

14 


With S. A. 

5 

7 


With A-V. B. 

2 

o 


With A-Y. B. and V. E. 


2 


With S. A. and A -A*. B. 

1 

2 


7'otal Showing Sinus Slowing 

22 

28 


S-A. Standsiill and Sinus Slowing 

10 

• » 

O 


With S. A. 

With N. R. 

;■) 

2 



With A”-. E. 

2 

1 


AATth A-Y. B. 

1 

4 


Toial Shotving S-A. Stcindstill 

20 

10 


A-V Conduction 




A’'ariations, but within normal limits 
Diminished 

20 

() 


o 

1 


Prolonged and variable 

4 

4 


High degree block 

5 

12 



CHANGES IN COMPLEXES 


P-Wave 


Diminished 

Nearly isoelectric 

Negative 

Notched 

10 

5 

1 

1 

i) 

7 

3 

R -TV awe 

Increased 

6 

3 

With decreased S-Avave 

1 


Decreased 

4 

3 

Prolonged QES 


2 

R-T and S-T Segment rounding or depression 

3 

1 

T-Wave 

Increased 

1 


Decreased 

1 

3 

Premature Contraction 

2 

3 

Shifting Pacemaker 

1 



The figures show the number of cases with respective responses. Some cases showed 
response to both right and ieft pressure. Others showed one type of response on right, 
and another type on left pressure. Still others showed only one-sided response. 

S. A. = sinus arrhythmia. ' 

■ AL E. = ventricular escape. ; 

A-V. B. = auriculoventricular block. 

N. R. = nodal rhythm. i 
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Changes in the auricular complexes were rather freciuent. These 
varied from mere lowering in voltage of the P-wave to its almost entire 
disappearance. Occasionally the P-wave became negative (Pig. 7) or 
notched (Pig. 6). These changes occurred somewhat more often on right 
than on left carotid sinus pressure. The variations in the P-wave usu- 
ally^ occurred for only from one to five deflections and were more fre- 
quent after sinus standstill. 

Changes in the initial ventricular complexes occurred less frequently. 
The R-wave was almost as often decreased as increased, and either 
change was slightly more frequent on right than on left sinus pressure. 
R-wave changes occurred usually after a prolonged standstill. Changes 
in the R-T and S-T segments as well as in the T-wave occurred very 
rarely and were slight in degree. They usually followed changes in the 
R-wave. 

Ventricular premature contractions were noticed twice on right and 
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Fig. 7. — Tracing obtained on left carotid sinus pressure. The first two impulses are 
of normal sinus origin. The last three are of an ectopic origin. 


twice on left carotid sinus pressure. In one ease there occurred a sinus 
premature contraction on left carotid sinus pressure (Pig. 3 R). 

Pulsus bigeminus was produced in one case (Pig. 4 A and B) when 
the rate slowed. This case, however, had shown this abnormality once 
before, without carotid sinus pressure. The accompanying disturbances 
in impulse formation and conduction had never occurred before. In 
two cases of auricular fibrillation carotid sinus pressure produced 
auriculoventricular block with ventricular slowing or standstill. The 
fibrillation was not influenced by such pressure. 

COMMENT 

The observations presented in this paper confirm previous reports of 
the similarity in the vagal effects on the human and on animal hearts. 
The main effects are those of interference with the impulse formation in 
the sino-aurieular node and its propagation along the auricles and con- 
ducting apparatus. Although the vagal effects are reflex in origin, and 
we cannot therefore accurately gauge in this way the relative right and 
left effects, the similarity of response in humans to that olitaincd by 
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direct vagal stimulation in animals leads us to believe that the pre- 
dominant reflex effect is homolateral. If this be correct, our findings 
indicate that both the formation and ])ropagation of the impulse are 
controlled by both vagi alike, the difference being only in degree. Ap- 
parently right vagal terminals are found in greater number in the sinus 
node, and left terminals in the aurieuloventrieular nodal area. Both 
vagal endings are, however, found in both locations. The valuations in 
form of response in different individuals apparently depend upon dif- 
ferences in the distribution of the vagal endings in the respective hearts. 
Anatomical, physiological, and chemical disturbances at the terminals of 
the vagal endings may also play a part in influencing the response. The 
disturbances in the appearance of the auricular comjilexes observed in 
many cases on vagal stimulation are undoubtedly due to focal interfer- 
ence with the normal impulse pi’opagation along the auricles, and imply 
the presence of vagal terminals in the auricular walls in varying num- 
bers. 

The ventricular complexes are affected ajijiarently little by the vagal 
impulses. Our findings do not corroborate those of Robinson and 
Draper,’’’ who report an increased R-wave on right and a decreased one 
on left vagal stimulation. No prediction can be made as to the char- 
acter of the R-wave obtainable by vagal stimulation. Changes in the 
R-T and S-T segments were not described by any of the authors men- 
tioned in this paper. We found .such changes only in four instances. 
The T-wave is likewise very seldom affected. Although Garey’" pro- 
duced the appearance and disappearance of the T-wave by local apjAi- 
cation of atropin to the various pai’ts of the venti’icles, reflex vagal 
stimulation affects the T-wave very little. This may be due to compara- 
tively few vagal nerve endings in the ventricular walls of most indi- 
viduals and the inability to influence conduction in the greater muscle 
mass of the ventricles in most cases. 

SUMMARY 

Fifty electrocardiograms obtained on carotid sinus pressure showed 
the predominant vagal effects on the heart to be sino-auricular slowing or 
standstill and various grades of aurieuloventrieular block. Right carotid 
sinus pressure had a greater tendency to produce complete standstill. 
Left pressure had a greater tendency to produce complete aurieuloven- 
tricular block. Ventricular escape from vagal inhibition, nodal rh^dhm 
and sinus arrhythmia occasionally occurred. P-wave changes were fre- 
quent and R-Avave changes Avere less frequent. R-T segment and T-Avave 
changes occurred comparatively rarely. It is suggested that the 
variations in response of the right and left nerves, as Avell as the differ- 
ence in response in the different hearts, are dependent upon Amriations 
in the number of vagal terminals of the respective nerves in various 
portions of the heart. 
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I am indebted to Louis Gurian for bis valuable assistance in the work connected 
•witli this paper. 
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THE ACTION OP QUININE AND QUINIDINE ON PATIENTS 
WITH TRANSIENT VENTRICULAR FIBRILLATION'^ 


Sidney P. Schwartz^ M.D., and Abrahaisi Jezer^ M.D. 

New York, N. Y. 

T he pui’pose of this was to determiue the clinical manifesta- 

tions and the successive elianges in the rlijdhm of the heart following 
the intravenous administration of graded doses of quinine dihydro- 
chloi’ide and quinidine sulphate to patients with aurieuloventricular 
dissociation subject to transient seizures of ventricular fibrillation. These 
drugs have been used both orallj* and intravenously with moderate suc- 
cess in the treatment and prevention of certain forms of the transient 
types of ventricular tachycardias.^*® Their administration in one form 
or another has been strongly advocated in the treatment and prevention 
of transient seizures of ventricular fibrillation on the ground that the 
frequency of such seizui-es would be gi'eatly diminished by their use.® 
Indeed, it has been suggested by Moi'awitz" and others®’ ® that quinidine 
might be used with success as a prophylactic drug in patients regarded 
as liable to sudden death as a result of ventiueular fibrillation. 

The assumption that these drugs would be of therapeutic value in 
such patients seems to us to be based on very meager clinical experience, 
and in fact mostly on hypothesis. For while both quinine^®’ and 
quinidine^^ have been demonstrated to have an inhibitory effect upon 
ventricular fibrillation produced in the experimental animal as a result 
of timed electrical stimuli, such transfers of practice are not applicable 
to human beings. On the contrary, it would appear from the very few 
clinical reports in the literature that quinidine may result in the de- 
velopment of transient ventricular fibrillation. 

REVIEW OF LITERATURE 

In 1921, Kerr and Bender’^® reported observations on a male, sixty- 
eight years of age, who was obsem’ed over a year, during which time 
there were sevei'al attacks of cardiac sjuicope following the administra- 
tion of quinidine sulphate. Electrocardiograms obtained during some 
of these attael^s revealed transient ventricular fibrillation. They con- 
cluded that quinidine therapy was dangerous in such patients. 

Unfortunately, some of their observations were made at a time when 
the ventricular rate varied between 40 and 70 beats per minute and 
when the ventricular rhythm was totally irregular. It is well established 

♦From the Medical Division of the Montefiore Hospital, Service of Dr. Leopold 
Lichtwitz. 

tAlded by a grant from the Board of Trustees of Montefiore Hospital. 
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froDi our proAdous studies^* that when the basic A^entricular rate in such 
patients behaves in this manner, S3’ncopal attacks clue to transient 
ventricular fibrillation maj’- occur easilj' and spontaneously^ Avithout the 
use of any" drug. 

Dock® reported a male, aged thirty-six y^ears, suffering from syncopal 
attacks that increased in frecpieney" AAuthin one y^ear. An electrocardio- 
gram obtained at the end of one of the.se attacks revealed a ventricular 
arrhythmia Avith a rate of 285 beats per minute AAdiich, in his opinion, 
Avas ventricular fibrillation. He found that quinidine sulphate ration- 
ing prevented these attacks, although the patient still suffered from an 
occasional seizure during the folloAcdug y^ear. Although Dock’s patient 
was apparently^ free fi*om sy’iieopal attacks due to transient ventricular 
fibrillation, it is A’^ery’’ likely that if more electrocardiograms had been 
obtained in the year folloAAdng his hospital admission, the basic rhyffhm 
AA'Ould have rcA'ealed a p re-fib rillatory'- mechanism at some time or other 
during that period. In studying such patients- one cannot rely" solely 
upon the absence of symcopal attacks as a measure of the efficacy- of a 
drug. Quinidine administered orally'' may- produce a constant A'entrieu- 
lar irregTilarity'- Avithout ending in symeope, especially in the doses used 
by’" Dock. Without controls of the rhy-thm over long periods of time, it 
is difficult to evaluate the beneficial effects of the dnig. 

Davis and Sprague^® reported recurrent seizures of A’-entricular fibril- 
lation in the eoui'se of quinidine therapy’" (123 grains in four day-s) in 
a AA'oman AA-hose basic iliyfflim prior to the use of the drug .shoAved 
auricular fibrillation AA-ith bigeminal rhy-thm due to alternate premature 
ventricular beats. Again, in vieAV of the fact that such a bigeminal 
rhy'-thm may’" be the characteristic feature of the pre-fibrillatory- mechan- 
ism in the spontaneous development of such seizures, it is unfair to 
incriminate the drug as responsible for these attacks. The A-entricular 
fibrillation in their patient may- liaA-e been a terminal ])heno7uenon such 
as Ave haA'e recently’ described in another patient.^® 

Finally", Escamillat" obserA-ed a sixty"-y"ear-old male suffering from 
^ transient seizures of ventricular fibrillation to aa'Iioui he administered 
quinidine at various intervals. Although he concluded that quinidine 
was of some value in his patient, he observed that the effect AA-as not 
iuA'ariable enough to enable him to dzvaAv any absolute conclusions as 
to its efficacy". It is obA-ious from a rcA'icAA* of the protocol of his case 
that adequate control studies of the A-entncular rate and rhy-thm prior 
to or during the administration of quinidine are totally- lacking. With 
these points in A-ieAv, Ave attempted the folloAA-ing experiments. 

METHOD OF STUDA" 

Tavo patients AA'ith anriculoventricular dissociation aa’Iio aa'Ci’c suffering 
from recurrent transient seizures of A-entricular fibrillation form the 
subjects of this study. The natural eoui-se of the development of their 
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attacks and tlie successive changes in the rhythm of their hearts were 
studied by ns carefully over a period of several years. During this 
entire time they wei’e in the Llontefiore Hospital, and hundreds of cor- 
related observations were made on their heart I’hythms at the same 
time that electi’oeai’diograms were obtained. 

These experiments were carried out at a time when it was certain 
that the patients had not had any transient seizures of ventricular 
fibrillation for at least twenty-four hours. It was definitely determined 
from constant studj^ of both the heart rate and the piilse, with the pa- 
tients attached in the electrocardiographic circiTit, that the basic ven- 
tricular rate was fairlj' constant for at lea.st four houi*s prior to the 
onset of an experiment. "A ba.sie ventriciilar rate that was almost regu- 
lar and did not vaiy more than five beats per minute Avas considered 
an essential condition before initiating an exijeriment. When the basic 
rhythm Avas interrupted spontaneously by the appearance of premature 
A'entrieular beats, the number of .such extrasystolie contractions Avas 
counted each minute for at least ten minutes prior to the use of any 
drug. The patients AA^ere kept in bed all the time, and no other medica- 
tion Avas administered to them throughout the entire period of these 
studies. In one instance inhalations of amyl nitrite Avere given after 
quinidine had been used. 

On seA^eral occasions and frequently before the drugs Avere used, the 
effects of the intravenous injection of 1 c.c. of either distilled AA^ater or 
physiological saline Avere determined in order to I’ule out any abnomial 
changes in the rhythm of the heart or in the complexes of the electro- 
cardiograms that might folloAV the injection of the fluid itself. 

One of us timed the clinical manifestations folloAAung the injection 
of the drugs, AAdiile the other recoi'ded the time inteiwals at AAdiich changes 
appeared in the electrocardiograms. All studies Avere carried out with 
Lead II onlj'. Successive changes in the rhjdhm of the heart Avere re- 
corded as frequently as it Avas thought neeessaiy, and obseiwations of 
the movements of the galvanometer string Avere folloAved for several ^ 
hours after the use of the drug xinless the condition of the patient made 
it impossible to do so, in Avhich case reliance Avas placed solely upon 
the clinical manifestations. 

The minimal dose of the dimgs that AA’^as necessarj’- to produce transient 
changes in the rhythm of the heart AA'as arriA^ed at by the method of 
trial and error. Starting Avitii very minute quantities, the dosage was 
gradually increased in repeated preliminaiy experiments until it was 
determined hoAv much Avas needed to produce a pharmacological effect. 
The final amount used was based on the aAi'erage amount required to 
give a specific effect. 

Although innumerable obseiwations were made from time to time, we 
have thought it adAusable to describe only some of the tj'pical protocols. 
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Each, one of these demonstrates some mode of action of the drugs to 
which we direct particular attention. Since the effects on tlie heart 
rhythms have been somewhat variable each time, the sequence of the 
experiments has been rearranged so as to form a consecutive stoiy. Be- 
fore describing these alterations, however, it is important to call atten- 
tion to the successive changes in the cardiac mechanism which take place 
when transient ventricular fibrillation develops spontaneously in pa- 
tients with auriculo ventricular dissociation so that comparisons can be 
made with such alterations in the rh^dlim of the hea.rt which may be 
attributed to the influence of the drugs. 

THE ALTERATIONS IN THE BHYTHUL OP THE HEART PRECEDING TRANSIENT 
PERIODS OP VENTRICULAR FIBRILLATION 

The alterations in the rlydhm of the heart that precede transient 
periods of ventricular fibrillation during the presence of auriculoven- 
tricular dissociation are effected thinugh (a) an increase in the basic 
idioventricular rate and (b) the interposition of premature ventricular 
beats either singl}^ or in groups. These eventually lead to the develop- 
ment of short recurrent runs of aberrant ventricular oscillations which, 
in the final analj^sis, are short runs of ventricular fibrillation. 

The basic idioventricular rate may at times be accelerated in the pre- 
fibrillatorj’’ period, and this acceleration may be brought about through a 
variety of mechanisms which have already been described elsewhere.’®' 
Obviously, the effects of any drug upon the cardiac mechanism in pa- 
tients with auriculoventricular dissociation must first take into account 
the inherent variability of the idioA'entricular pacemaker in such pa- 
tients at a time when they are free from sjunptoms due to transient 
ventricular fibi'illation. 

Prolonged observations on our two patients during their “quiescent” 
periods, when they are free from .symptoms, revealed that there was a 
marked fixation of the inhei'ent ventricular rate from day to day and 
at times from month to month. In both cases the average ventncular 
rate of fi'om 27 to 31 beats per minute did not vaxw moi'e than 5 beats 
per minute at the most at any one time. This relatively “fixed” 
ventricular rate was found to be the same dui'ing deep sleep as well as 
during undue exertion, excitement, or emotional di.sturbance. Respira- 
tions did not affect it and the use of adequate doses of atropine sulphate 
(gr. 1/120 intramuscularly) did not influence it. indicating that at .such 
times the auriculoventricular pacemaker in them was not regulated by 
the extrinsic cardiac nervous mechanism. In both of these patients, 
when the increase in the basic ventricular rate appeared prior to the 
development of a transient seizui’e of ventricular fibrillation, the changes 
in the rate were gradual. Occa.sionally, such variations were easily ap- 
preciated by the patients, who complained of precordial distre.ss. In 
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tliese periods of well-being-, tberefoi-e, the idioventricular ■ rates may be 
said, for practical purposes, to have been constant. 

The changes in the rate of the idioventricular pacemaker in them- 
selves are not sufficient to precipitate the type of ventricular • fibrilla- 
tion with which we are concerned. Sooner or later, either in the pi-esence 
of a basically accelerated ventricular rate or frequently in its absence, 
premature ventricular beats begin to appear. These may at first 
alteimate so as to produce a typical bigeminal rhythm, or they may 
increase in frequency before the intei-positioii of aberrant ventricular 
oscillations begins to disrupt the rhjdlrm. These ventricular oscillations 
can be appreciated clinieall}’- by the fact that only the fii-st few beats 
associated with them are audible at the apical poidion of the heard or 
palpable at the wrist. They are so frustrate irr character that they are 
insufficient to open the aortic orifice, and corrsequerrtly cerebral arrerrria 
sets in when they last for a period longer than from eight to ten seconds. 
If the}’- last as long as forty seconds or more, a typical Stokes-Adams 
seizure occurs, with pallor of the skin and face, unconsciousrress, ster- 
torous breathing, incontirrence of feces arrd of uriire, a dro^r in blood 
pressure, and finally apnea, with intense cyanosis due to asphyxia. None 
of these phenomena has ever been seen to appear vdthout the pre-nous 
interniption of the basic idioventidcxilar rhythm by recurrent short 
periods of ventricular oscillations which, in their final analysis, are 
short runs of ventricular fibrillation. Similar alterations in the cardiac 
mechanism have never been observed by us to follow the intravenous 
injection of either distilled water or physiological saline solution. 

THE EFFECTS OP GRADED DOSES OP QUININE DIHYDROCHLORIDE IN PATIENTS 
■WITH TRANSIENT VENTRICULAR FIBRILLATION 

Patients with transient seizures of ventricular fibrillation occurring 
during auriculoventricular dissociation vaiy in their response to the 
same dose of quinine dihydrochloride from time to time. The speed of 
injection does not influence this in any way when the same dose is used. 
The immediate result following the injection of quantities of up to % 
c.c. of the solution (!•% grains of the drug) is usually a sensation of 
waiTuth which the patient feels all over the body. At times large beads 
of pei-spiration appear on the forehead, and the skin feels moist and 
clammy. Occasionally a sense of constriction is felt in the midstcrnal 
region, and ndth this there is a short period of restlessness that may 
bc followed immediately by profound disturbances in the rhythm of 
the heart. 

On one occasion, at a time when the basic ventricular rate averaged 
31 beats per minute, the administration of % c.c. (1% gr.) of quinine 
dihydrochloride resulted in the appeai-anee of only rivo premature ven- 
tricular beats nine minutes after the injection of the drug. However, 
when an additional dose of only Vj c.c. (% gr.) was injected forty-five 
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minutes after tlie first dose, there was an immediate but transitoiy in- 
crease in both the auricular and the ventricular rates from 100 and 
31 heats per minute to 125 and 43 beats respectively. At the same time 
the ventricular complexes, which had previously been all of the upright 
form, now became variable in direction, assuming transitional changes 
from dextrograms to levograms. 

One minute later there was a bigeminal rhythm due to premature 
beats of the ventricles. The auricular rate, however, was now lowered 
to 100 beats, and four minutes later there was a further reduction in 
the auricular rate to 83 beats per minute and in the ventricular rate 
to 26. Within five minutes, however, the rhjdhm assumed a bigeminy 
again, and exactly forty-fiAte minutes after the injection of the second 
dose of the drug a transient period of i^entricular fibrillation was ushered 
in by a pre-fibrillatory mechanism consisting at first of a bigeminal 
rhythm and then of a feiv short runs of aberrant ventricular oscilla- 
tions before a tyiiical Stokes- Adams seizure developed. There ivere re- 
peated seizui*es of sjuicope after this that lasted for not more than one 
minute each before the rhjdhm returned to its original basic level of 
31 beats per minute, about two and one-half hours after the beginning 
of the experiment. 

On another occasion, after a control period during which the ven- 
tricular rate was fairly fixed and ai^eraged 30 beats per minute, the 
injection of % c.c. (1% gr.) of quinine dihydroehloride resulted with- 
in six minutes in the development of a short pre-fibrillatoiy mechanism 
and one minute later, in a t 3 ^pical Stokes- Adams seizure due to transient 
ventricular fibrillation. After recoveiy from this attack, the patient 
complained of palpitation of the heart due to irregular beating which, 
however, lasted only a fcAV minutes before there was a return to the 
basic idioventricular rhjdhm Avith a regular rate of 32 beats per minute. 
This persisted for approximatelj^ one-half hour before another Stokes- 
Adams seizure appeared. This was ushered in by a fcAA’- alternating 
premature beats of the ventricle Avith a veiy short run of grouped beats 
before the major attack developed. For the next hour these abnomal 
rhythms alternated Avith the basically regular rhythm until there Avas 
finallj'^ a restoration to the basic rhythm tAvo hours after the injection 
of the drug. 

A third observation in the presence of a. fixed A'entricular rate averag- 
ing 31 beats per minute aa^s followed Avithin three minutes after the 
injection of % c.c. (1% gr.) of the drug by a short run of ventricular 
fibrillation. There Avere tAVO similar attacks five and seventeen minutes 
later, before these abnormal rhAdhms and their precursory mechanism 
disappeared altogether. Not until fifty minutes after the injection of 
the drug was the patient free from any irregularities of the heart. Then 
the basic rhAdhm Avith a A'entricular rate of 31 beats per minute returned 
and remained regular after that. 
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In another obsen^ation, at a time Avlien alternate premature beats of 
the ventricle constantly interimpted the basic auriculoventricular dis- 
sociated rhjdhm, the injection of variable doses of the dinig ranging 
from 1/4 fo % e.c. resulted within a few minutes in the development of 
short runs of multiple premature ventricular beats or in the appearance 
of the i^re-fibrillatoiy mechanism which disappeared, however, within 
from one-half to one hour after the injection. 

In the light of these experiences no attempt was made to try the drug 
during an actual period of ventricular fibrillation. 



Figr. i. 

Fig. 1. — Portions of continuous strips (Lead II) showing the development of a 
L’ansient .seizure of ventricular fibrillation following immediately the -intravenous in- 
jection of % of a grain of quinidine sulphate. 

A, Control, the basic ventricular rhythm ; B, the pre-fibrillatory mechanism ; C, the 
mechanism initiating ventricular fibrillation ; D and B, records obtained during a 
Stokes-Adams seizure ; F and (?, the intermediary idioventricular rhythm following 
ventricular fibrillation ; H, the post-fibrillatorj'- tachysystole ; J, the gradual restora- 
tion to the basic rhythm. 


THE EFFECTS OF GRADED DOSES OP QUINIDINE SULPHATE ON PATIENTS WITH 
TRANSIENT VENTRICULAR FIBRILLATION 

The intravenous injections of 1 c.c. (% gr.) of quinidine sulphate 
to a patient whose ventricular rate averaged 28 heats per minute and 
who showed only one premature beat of the ventricles during a control 
period in-whieh the rate was counted eveiy minute for one and one- 
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half lioui'S, resulted in the immediate appearance of multiple premature 
ventricular beats. These prematui’e beats persisted either singly or in 
groups for the next forty-five minutes, when they gradually disappeared 
and the basic rhythm returned to normal. On the further injection 
of 1% c.e. of the drug (f4 gr.) one-half hour after the first dose, there 
developed immediately multiple premature beats. Within two minutes 
there was a short pre-fibrillatory mechanism, and for the next twenty- 
five minutes there, was a eon.stant and fixed bigeminal rhythm due to 

Table I 

Chakacteristic Protocol Showing the Successive Clinical and Guapiiic Mani- 
PESTiONs Following the Administration op One-Third of a Grain of Quinidine 
Sulphate. September Id. 1933, Protocol Xo. 2B 
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alternate premature beats of the ventricles. All abnormalities of the 
cardiac mechanism disappeared one-half hour after the second injection. 

On another occasion (Table I, Protocol No. 2B) the use of 2 c.c. of 
the drug (/4gr.) resulted in the immediate development of a Stokes- 
Adams seizure due to a period of ventricular fibrillation (Ekg. No. 
9656-B) that lasted for over one and one-half minutes. 

These examples will suffice to iJoint out the rapidity with which the 
effects of quinidine sulphate appear in contradistinction to those fol- 
lowing quinine dihydroehloride. 

These obseiwations reveal then that both quinine and quinidine ad- 
ministered intravenously in relatively small doses to patients suffering 
from transient seizures of ventricular fibrillation result in the develop- 
ment of iiTegularities of the heart that lead to s.yncopal attacks, all due 
to ventricular fibrillation. There is no need to assume that the oral 
administration of these drugs can likewise lead to similar irregularities 
instead of abolishing them as has been thought by some. It takes much 
longer for these drugs to be absorbed bj’’ the oral route and to show their 
effects on the cardiac mechanism. Such studies are at present in progress 
and will be reported later. 

The action of both quinine and quinidine on the venti-icles being as 
complex as it is, no attempt is made at present to offer any explanation 
for the manner in which these drags initiate the irregularities leading 
up to transient ventricular fibrullation. 

SUMMARY AND CONCLUSIONS 

1. Quinine dihydrochloride and quinidine sulphate were administered 
intravenously in graded doses to two patients with auriculoventricular 
dissociation who were subject to transient seizures of ventricular fibril- 
lation. 

2. The drags were injected at a time (a) when the basic idioven- 
tricular rate did not vaiy more than five beats per minute over a period 
of several hours prior to their use, and (b) when premature ventricular 
beats interrupted the basic rhythm. The number of these was counted 
for each minute during the hour preceding the injections.. The tests 
were carried out at a time when it was definitely known that the patients 
had been free from syncopal seizures for at least twenty-four hours 
prior to the injections of the drug. 

3. It was determined that such patients with transient seizures of 
venti-icular fibifillation responded variably to the same dose of both 
quinine dihydroehloride and quinidine sulphate at different times. 

4. The intravenous administration of small doses of quinine dihydro- 
ehloride (maximum dose: 1% grains) and quinidine sulphate (maxi- 
mum dose: % grain) resulted in the development of either a pre- 
fibrillatorj'- mechanism or transient periods of ventricular fibrillation 
Avithin from one to nine minutes after the injection. 
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5. Once the pre-fibrillatory mechanism is precipitated by the ad- 
ministration of the drug, recurrent periods of transient ventricular 
fibrillation maj^ follow for several hours at a time. 

6. The intravenous injection of these drugs resulted in a more rapid 
appearance of ventricular fibrillation when premature ventricular beats 
ivere alread 3 >- present pz'ior to the onset of the exizez’iment. 

7. Since the inti-avenous use of these drugs precipitated transient 
periods of ventricular fibrillation in patients who are subject to such 
seizures, the use of such drugs by this method is contraindicated in 
such patients. 
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VENOUS PEESSURE IN THYEOID DYSFUNCTION* 


J. S. Golden, M.D., and William A. Beams, M.D. 

Chicago, III. 

S IGNIFICANT A'^ariations in A'enous pressure have been described in 
congestiA’-e heart failure, ascites, arterial bjqiertension, local obstiuic- 
tion to A'^enous return, certain endocrine disturbances, pregnancy, and 
A'arious experimental conditions. There are comparativel 3 ’- feAV re- 
ports on A^enous pressure in tbju-oid d.ysfunction, and the recorded 
obserAmtions Avbicb are aA'^ailable are meager and contra dietorjL L. 
Paj’-an, E. Giraud, and M. Assada- injected tb^u-oid extract intramus- 
cularlj’’ and noted Amriable changes in A'enous pressure. A temporaiy 
fall Avas usuallj^ observed Avben signs of tbju-otoxicosis Avere Avell de- 
A'-eloped. M. Villaret, F. Saint Girons and L. Justin-Besaneon® note 
brieflj' that tbej" usuallj' found an elevation of venous pressure in a 
feAV eases of BasedoAv’s s.yndrome. V. Jonas^ studied 43 patients Avitb 
b3'pertb3’’roidism and found an eleA'ation in venous pressiire in 26 (60 
per cent), in some of Avbom the pressure returned to normal Aidien the 
tlij’^roid sj'mptoms Avere improA'ed. Some of these patients sboAved 
A'ariable degrees of cardiac failure. There appeared to be no correla- 
tion betAveen the height of arterial and A'enous pressures in this series. 

PRESENT study 

Our material consisted of thirteen patients Avith definite eAudence of 
BasedoAv's syndrome and tAvo Avith mj^xedema. None of the BasedoAV 
patients shoAved eA’idenee of cardioAmscular embarrassment, and onty 
one of the mj^xedema patients (M. W.) complained of dj^^spnea on 
exertion. Basal metabolic rates, pulse rates, s.ystolic and diastolic 
pressures and A'enous pressures Avere determined in all patients. Blood 
pressure Avas estimated bj' the auscultatorj^ method Avith the patient 
in the supine position; a mercurj'^ sphj^gmomanometer Avas emploj'-ed. 
Venous pressure Avas determined bj-- the direct method using a holloAV 
needle inserted into the median basilic A^ein and connected Avith a 
suitable Avater manometer. The entire ,s 3 ’’stem Avas filled Avith a sterile 
3 per cent sodium citrate solution in order to hinder clotting. The 
solution Avas permitted to run into the A’-ein in small amounts at fre- 
quent intei'Amls in order to test the patency of the needle. The usual 
precautions of keeping the patients under basal conditions in estimat- 
ing A’-enous pressures Avere obserAmd. The final reading Avas made 

♦From the Department of Physiology and PliarmacologrjA NorthAvestem University 
Medical School, Chicago, 111. 
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when the fluid in the manometer Avas stabilized and the height of the 
column Avas praetieallj^ the same after at least three attempts v-ere 
made at intervals of a feAv minutes. A summary of the results ob- 
tained may be seen in Table T. 


Table 1 


BASAL 

PATIENT METABOLIC 
RATE 


Basedow's Syndrome 


r. Y. 

plus 52% 

148/ 90 

96 

64 

M. 0. 

plus 40% 

124/ .AO 

112 

SO 

C. W. 

plus 63% 

180/120 

108 

90 

E. 0. 

plus 45% 

1.54/ 76 

108 

82 

M. B. 

plus 56% 

172/ 78 

120 

77 

M. K. 

plus 27% 

120/ 88 

92 

90 

G. W. 

plus 31% 

130/ 62 

108 

72 

C.K. 

plus 32% 

138/ 84 

116 

70 

J. B. 

plus 23% 

155/ 75 

128 

55 

vS.L. 

plus 48% 

120/ 80 

104 

102 

H. S. 

plus 30% 

124/ 78 

108 

69 

A. S. 

plus 62% 

160/ 90 

116 

50 

F.D. 

plus 38% 

140/ 90 

Myxedema 

100 

67 

M. W. 

minus 34% 

140/ 90 

64 

95 

G. H. 

minus 48% 

110/ 80 

44 

52 


BLOOD PRESSURE 
IN MM. OF 
MERCURY 


PULSE 


VENOUS PRESSl'KE IN 
.MM. OF 3 PER CENT 
SODIU.M 

CITRATE SOTA'TIOX 


Five of the patients Avith BasedoAv’s syndrome Avere subsequently 
subjected to subtotal thyroidectomy, and similar studies Avere made after 
the basal metabolic rates became stabilized at a normal level. Both 
myxedema patients Avere given sufficient thyroid extract to elevate 
the basal metabolic rate, in one of them to a normal level, in order to 


Table II 


PATIENT 

BASAL 

AIETABOLIC 

RATE 


BLOOD PRE.S.SUKE 

IN .AIM. OF 

MERCURY 

PULSE 

AT-NOUS PRESSURE 
I.N .MM. OF 3 PER 
CENT SODIUM 

CITRATE SOLUTION 


Basedow’s Syndrome Before 

and After Thyroidectomy 

F. Y. 

Before operation- 

- plus 52% 

148/ 90 

96 

64 


After operation- 

- plus 2% 

1.50/120 

92 

7.1 

M. 0. 

Before operation- 

- plus 40% 

124/ 50 

112 

so 


After operation- 

- plus 10% 

114/ 66 

112 

65 

C. W. 

Before operation- 

- ulus 63% 

180/120 

108 

90 


After operation- 

- plus 7 % 

168/110 

78 

7.1 

E. 0. 

Before operation- 

- plus 45% 

1.54/ 76 

108 

82 


After operation- 

— minus 10% 

1.52/104 

72 

85 

M. B. 

Before operation- 

- plus 56% 

172/ 78 

120 

77 


After operation- 

-minus 10% 


108 

98 


Myxedema Before 

and After Administration of Thyroid Extract 

M. W. 

Before tlijroid — 

34% 

140/ 90 

64 

90 


After thyroid — 

1% 

136/ 94 

SO 

SO 

6. H. 

Before tlpToid — 

48% 

110/ SO 

44 

52 


After thjToid — 

26% 

110/ 76 

72 

72 


804 


THE AMERICAN HEART JOURNAL 


study tlie effect of elevating the metabolic rate on venous pressure. 
The results of reducing and elevating the basal metabolic rate on 
venous pressure, pulse rate, and arterial pressure are summarized in 
Table II. 

RESULTS 

In contrast to the previously quoted reports, our studies failed to 
reveal any significant deviations from the normal in venous pressure 
either in the thirteen cases of Basedow ’s syndrome with elevated basal 
metabolism or in the two patients with myxedema. Our results are 
within the usually accepted upper and lower limits of normal venous 
pressure. The five patients with Basedow's syndrome ivho were sub- 
sequently subjected to subtotal thyroidectomy showed a return to 
normal variations in basal metabolism after operation, the fall in 
metabolic rate varying from 30 to 66 per cent and yet in none of these 
patients was there a significant change in venous pressure from the 
level before operation. The slight changes which were found were 
Avell within the limits of experimental eiTor and were inconstant in 
direction. The same lack of change was true in the eases of the two 
patients with myxedema, in one of whom the basal metabolic rate was 
elevated from -34 to -1 per cent and in the other, from -48 to -26 
per cent by administration of thj’roid exti’act. 

It is peculiarly significant that even in the same patient no note- 
worthy changes in venous pressure occurred after such marked dif- 
ferences in basal metabolism as were produced by thyroidectomy in 
Basedow patients or by administration of thyroid extract in myx- 
edema. It was also significant that no apparent relation existed be- 
tween changes in pulse rate or blood pressure and A''enous pressure 
during such large variations in basal metabolism. 

It is evident that in this series of patients neither an elevation nor 
a depression of basal metabolic rate was sufficient to cause significant 
changes in venous pressure. This was true whether the rise or fall 
in basal metabolic rate was due to disease or to therapeutic pro- 
cedures. These results do not exclude the possibility that venous 
pressure may be altered by changes in basal metabolic rate imder 
certain experimental conditions. One may conclude, however, that 
the degree of change occurring under the conditions in this study 
was not of sufficient magnitude to be refiected in the form of sig- 
nificant variations in venous pressure even though the changes in 
basal metabolic rate were striking. 

SUMMARY 

1. Venous pressure was found to be nomial in a series of thii’teen 
patients with Basedow’s syndrome and an elevated basal metabolism. 
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and in two patients with myxedema and a subnormal metabolic rate. 
None of the fifteen patients presented evidence of cardiac embarrass- 
ment. 

2. These findings are in contrast with those previously reported in 
the literature. It is possible that cardiac failure or variations in ex- 
perimental technic affected the results previousl}^ reported. 

3. This study is of significance because no definite change in venous 
pressure occurred in the same jiatient when the basal metabolic rate 
was markedly reduced by thyroidectomy in those ivith Basedow’s 
syndrome or by an elevation in metabolic rate bj’" administration of 
thyroid extract in mj’-xedema. 

4. The degree of change in metabolism, pulse rate and blood pres- 
sure was apparently of insufSeient magnitude in this series of patients 
to be reflected as important variations in venous pressure. 

We are indebted to Dr. S. G. Taylor of the Medical Department of the Cook 
County Hospital for the patients used in this study. 
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LONG CONTINUED VENTRICULAE TACHYCARDIA 

Report op an Unusual Case* 

Arthur R. Elliott, M.D., and George Karl Fenn, M.D. 

Chicago, III. 

I SOLATED premature ventricular contractions form, with the exce])- 
tion of sinus arrhythmia, the most common irregularity of the heart 
beat recorded graphically. Paroxysms, or runs of ventricular premature 
beats constituting ventricular tachycai’dia, are on the contrary of rare 
occurrence. The first ease with electx'ocardiographic studies was reported 
by Lewis^ in 1909. Strauss- in 1930 in a painstaking review of the sub- 
ject collected 63 eases possessing what he considered adequate diagnostic 
criteria. To these he added two eases of his own, bringing the total to 
65 properly attested cases. Roger Proment'’ devotes a monograph of 
501 pages to this subject. Although tracings are not reproduced in all 
instances, it seems likely that 66 of his 99 collected eases would meet 
the requirements strictly necessary for proper identification. Froment’s 
work and that of Strauss are in close agreement. Strauss’ study of the 
age incidence disclosed the fact that 26 per cent of the cases occurred 
in individuals of over sixty years, 60 per cent between fifty and sixty 
years, and 14 per cent before fifty years of age. Three cases only were 
recorded in individuals under the age of thirty years. Paroxysmal 
ventricular tachycardia has usually been observed to occur in associa- 
tion with some established cardiac disease. In a very much smaller 
percentage of recorded cases it has appeared to be spontaneous — with- 
out laboratory or clinical evidence to thi’ow light on its etiology. Among 
Strauss’ 65 collected cases 11 Avere of this type. The condition is suffi- 
ciently uncommon to Avarrant the reporting of isolated instances, espe- 
cially if thej'' be of this cryptic type. 

This report deals Avith the clinical and electrocardiographic studies 
of a patient Avho deA'^eloped, at the age of nineteen years, paroxysms of 
A^entricular tachycardia AAdiieh persisted Avith increasing frequency and 
growing duration until her eventual death, approximately nine months 
after their first appearance. We AA'ere able to obsei’A^e fii’^e separate 
paroxysms varying in duration from thirty-seven hours to thirty-tAVO 
days. The case is of interest because of the youth of the' patient, the 

' ' n 

♦From Medical Service A. St. Luke’s Hospital, Chicago. 
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absence of all other signs of heart disease, and the unprecedented dura- 
tion of the paroxysms. 

CASE EEPOET 

Hospital No. 275,953. American-born Hebrew girl, aged nineteen years, was 
admitted to St. Luke’s IlosiDital July 7, 1931, complaining of shortness of breath 
and attacks of paliritation of the heart of six months’ duration; nausea and vomit- 
ing were often associated with these paroxysms. There had been some edema of 
the feet for one week. The patient had but verj' recently been gi'aduated from 
one of our state universities, where she had proved herself to be a remarkable 
student, having made Phi Beta Kappa in three years. Previous to going to col- 
lege she had always been well. Her mother affirmed tliat the girl had never had 
a serious illness, in particular denying the occurrence of chorea, arthritis, heart 
disease, or other significant infection. Patient’s tonsils had been removed at the 
age of ten years. She was very obese. Her bod}' weight at time of hospital entry 
was 225 pounds. At the age of seventeen years and during her sophomore year 
at college, having become extremely sensitive over her obesity, she joined a re- 
search diet scjuad, living on rations which approximated 1,000 calories daily. She 
I'eniained on this regimen for four months, losing seventy pounds in body weight. 
Her physical efficiency suffered considerably as a consequence of this rapid reduc- 
tion, and she was compelled to return to mme liberal fare. During her senior 
year in college, her body weight at the time being considerably over 200 pounds, 
she returned to a strict reduction diet as nearly duplicating her earlier efforts in 
that direction as she could, her declared obje-'t being to reduce her weight to 1 50 
pounds before graduation. She presently began to experience shortness of breath and 
periods of rapid heart action, sometimes with nausea and vomiting. This was 
about Christmas, 1930. For a number of weeks at the outset these manifestations 
were infrequent and transient, subsiding spontaneously. As spring ap])roached, 
they became more frequent, severe', and ))rolong.''d ; and she sought medical advice. 
The medication first administered was digitalis. Tliis failed either to prevent or 
to shorten the attacks appreciably, and during April her jdiysician administered 
quinidine. 

This proved more effective, ameliorating the severity of her symidoms sufficiently 
to enable her to continue her college work until graduation. Shortly thereafter 
(^lay, 1931) she experienced an unusually severe attack and was admitted to the 
Itichael Eeese Hospital, where she remained ten days. I'pon discharge from 
hospital observation her medication consisted of quinidine, rest in bed, and ice bag 
to precordium. Despite faithful adherence io this regime, attacks of ])alpitation 
continued to occur, averaging in duration from seven to ten days. The heart rate 
during attacks varied from ISO to 210. At times she vomited and was .'thvays 
o-xtremely restless and unable to sleep. A particularly severe and prolonged at- 
tack of rapid heart action led to the development of swelling of her feet, and it 
was alarm over this manifestation that brought her to the hospital .July 7. The 
patient’s mother stated that during the month of June there had been administered 

grains of digitalis besides more or le.ss (unestimated) quinidim^. Since the be- 
ginning of the attack the pulse had varied around 200. 

Physical examination July 7, 1931. The patient was seen to be an unusually 
Inrge and very obese girl, orthopncic and cyanotic. The heart rate was regular, 
iSl per minute counted with the stethoscope. No murmurs could be detected. TJie 
soft tissues of the feet and legs were the scat of pitting edema. The liver was 
enlarged two fingerbreadths and was somewhat tender to pressure. There seemed 
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to be a good deal of moisture at both luug bases. Signs of free Iluid in thoracic 
and abdominal cavities were lacking. Great difliculty was encountered in properly 
adjusting the blood pressure cufr to the patient’s fat arm. Slie complained greatly 
of the pressure from inflation of the culT and resisted the procedure in a childish 
manner, so that no satisfactory blood iire.ssnre reading was ever secured. The 
urine analysis was reported as practically negative. The blood count was: red 
cells 4,860,000; leucocytes 12,500; hemoglobin 07 per cent or 21.83 gm. per 100 c.c. 
The blood chemistry proved practically normal. After ten days’ incubation, blood 
culture was reported sterile. The two-meter .\-ray film revealed a .“light amount 
of fluid in the right thoracic cavity and a moderate iTicreasc in the transverse 
measurement of the heart. 

Sul)scquc^it History . — To relieve her difficult breathing and medi.'itc the cyanosis, 
oxygen was administered with much apparent benefit. Tlie patient complained 
bitterly of pain in the neck which we interpreted as jierhaps due to the constant 
forceful pounding of the great vessels of the neck. On the fourth day the heart 
rate suddenly slipped to 88, with a regular rhythm, the heart sounds being weak 
and indistinct. Her sensory discomforts quickly subsided, and there was some 
improvement in the edema. This remission which began on July 11 continued 
until 4:30 r.xi. Jiilj- 15 when the rate suddenly went to 200, with nausea and vomit- 
ing. This recurrence of the tachycardia was preceded by an emotional upheaval 
due to a disturbing family conference. After forty-eight hours of tachycardia the 
rate slowed to 120 with occasional premature contractions. On the following day 
the pulse was very irregular, heart rate OG, radial pulse 76. Free fluid was now 
demonstrable in the abdomen. There had developed a trojibic ulcer over the sacrum. 
The body temperature varied from subnormal to 100° F. After forty-eight hours 
of moderate rate the heart action suddenly became again e.xtrcmely rapid, with 
frequent skips. This paroxysm, during which the heart rate varied from 170 to 
210, continued without ob.sorved intermission for eighteen days. During this ex- 
hausting paroxysm the edema greatly increased and fluid accumulated considenibly 
in abdomen and right pleural sac. Acid base diuretics with salyrgan proved in- 
effectual in. influencing this anasarca. Drainage of the legs with Southey’s tubes 
was attempted but could not be continued owing to the objection of the patient. 
The liver became greatly enlarged and tender. All efforts at therapeutic control 
proved ineffectual. Quinidine by mouth and intravenously exerted no apparent 
influence. After eighteen days’ continuous tachycardia the heart rate declined to 
120 and subsequently to 92. An electrocardiogram made during this remission 
showed a rate of 102, sinus rhythm. This period of normal control continued for 
four days, and on occasion during this interval the heart was observed to be grossly 
irregular for short periods. After this brief improvement ventricular tachycardia 
again began and continued without observed interruption until death, a total of 
thirty-two days. Multiple decubital ulcers developed. Large hemorrhagic blisters 
Avhich began as purpuric areas formed on the lower extremities. The patient died 
in terminal coma apparently from exhaustion. Consent for necropsy could not bo 
secured. 

During the period of our observation there occurred live paroxysms of ventricu- 
lar tachycardia. The attacks persisted for four days; thirty-seven hours; eighteen 
days; four days; and thirty-two days, making in all a total of fifty-nine and one- 
half days. 

ELECTROCARDIOGRAPHIC STUDIES AND DISCUSSION 

Four tracings are presented, in at least two of wliicli the diagnosis of 
paroxysmal ventricular tachycardia appears to he clearly established. 
A third tracing showing normal sinus rhythm during interparoxysmal 
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intervals is also presented. A fourth record is added differing in some 
details from all preceding ones, difficult to interpret beyond argument. 
An exactly similar tracing has never before been observed in our lab- 
oratory, nor does a fairly comprehensive search of available literature 
reveal one with identical characteristics. 

Fig.. 1 is a tracing made July 9, thirty-six hours after patient was 
admitted to the service. It shows paroxysmal ventricular tachycardia 
^Yith complete dissociation, ventricular rate being 174 while auricular 
rate was 90. P-waves are upright in all leads; auricular cycle length 
0.66; QRS notched and extremely aberi'ant; QRS cycle length 0.38; 
almost isoelectric ; T„ and Tg cannot be identified. 
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Fie. 1. 


Pig. 2 is a record made July 31, three weeks after the tracing in 
Pig. 1, and during this interval normal sinus ibythm had prevailed for 
seventeen days. It is identical in all particulars with preceding curve 
except that QPS complex is upright in Lead I. 

Pig. 3, August ii. Normal sinus rhythm. Heart rate 102. P-wave 
upriglit in Leads T and IT with notching in Lead II. P-wave almost 
isoelectric in Lead III, and T„ depressed. QRS complex sliows low 
amplitude in all leads together with notching and slurring. One ectopic 
contraction of ventricnlar origin occurs in Lead III. 

The final identification of the character of a paroxysm of tachycardia 
may l)c said to ro.st absolutely with tlie electrocardiogram. Tins is often 
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Fig. 2. 



F1&. 3. 

attended by considerable difficulty owing to variations and restrictions 
that have nullified many instances that were placed on record as ven- 
tricular tachycardia. If accuracy be observed in enforcing certain 
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criteria now generally recognized and acknowledged'^ paroxysmal ven- 
tricular tachycardia becomes a disorder that is rarely encountered. 

Reference to the electrocardiograms here presented will admit no 
doubt of the diagnosis in tracings 1 and 2. 

Fig. 4, Aiigu.st 19. This tracing presents a different problem. While 
the diagnosis of paroxysmal ventricular tachycardia seems fairly obvious, 
the mechanism is quite different from that exhibited in the preceding 



Fitr. 4. 


tracings. Two alternative intei'prctations are offered, neitlier one of 
wliieh is entirely satisfactory. 

1. Paroxysmal ventricular tachycardia with retrograde conduction 
and ventriculo-auricular block. This interpj'etation assumes that the 
pacemaker of the heart lies in the ventricle, and the auricle is activated 
by impulses travelling upward from the ventricle. The rhythm consists 
of a series of triads in which the first ventricular impulse provokes a 
prompt auricular response; the second ventricular impulse ])rovokes a 
delayed auricular response: and the third ventricular impulse fails en- 
tirely to activate the auricle. This is the reverse of the AYenckebacli U'lie 
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of A-V block. Siicli an interpretation might -well explain the events oc- 
curring in Leads II and III, hut in Lead I it would assume that the firet 
retrograde P-Avave of each triad is upright, Avhile the second is inverted. 
This assumption is not entirely satisfactory. If the first triad of Lead I 
be closely examined, it Avill be seen that both P-AvaA^es are inverted. It 
is this interpretation that has been illustrated in the tracing shoAAm 
above. 

2. SomcAAdiat less satisfactory is the interpretaiion that tracing 4 
represents paroxysmal ventricular tachycardia Avith complete dissocia- 
tion betAveen auricles and ventricles and a bigeminal auricular mechan- 
ism AAUth alternate auricular impulses arising from different sources. 
Such a reading might be borne out by the auricular complexes them- 
selves, but it presupposes a time relationship betAveen the dissociated 
auricle and ventricle that could he brought about, only by a very strange 
and perhaps unlikely coincidence. 

SUAIMARY 

There is reported hereAvith an inveterate and fatal instance of paro- 
xysmal ventricular tachycardia occurring in a girl of nineteen years 
Avithout any other discoverable evidence of cardiac disease. The ])arox- 
ysms AA’^ere of unprecedented dxiration. The terminal paroxysm ending 
in death from cardiac exhaustion oidurcd continuously for thirty-tAvo 
days. 

REFERENCES 

1. Lewis: Lancet 1: 384, 3909. 

2. Straxiss: Am. J. M. Sc. 179: 337, 1930. 

3. Proment, Eoger: Les Taclij-earclies Paroxystiqnes Yentriculaires, Paris, 1932, 

Masson et Cie. 

4. Eobinson and Hernnan: Heart 8: 09, 1923 



ACUTE DIFFUSE MYOCARDITIS FOLLOWING EXFOLIATIVE 

DERMATITIS 


Robert Lyman Nelson, ]M.D. 

Duluth, Minn. 

R eferences to acute diffuse myocarditis have appeared iu med- 
ical literature since 1896. Various authors have utilized the terms 
acute interstitial myocarditis, acute myocarditis, acute isolated myo- 
carditis, and Fiedler's myocarditis. The clinical pictures presented in 
the various rex)orts vary too widelj* to consider it a clinical entity. The 
terminologj^ must, therefore, depend on the pathologist. 

In 1929 Scott and Saphir^ found 36 reported cases in the literature 
and added two more. In 1931 Bailey and Andersen,- in adding one 
more, dispute the inclusion of three of the cases. This is mentioned to 
establish the relative rarity of the condition. A review of the aljove 
works will readilj^ justify the inclusion of this case. In no instance has 
exfoliative dermatitis been listed as an etiological factor. 

CASE REPORT 

A. F., a Norwegian laborer, aged fortj'-tAvo years, was admitted to St. Mary’s 
Hospital on the Dermatology Service of Dr. George Doyle on Aiigust 13, 1931. The 
patient complained of malaise and itching all over the body. The skin of the en- 
tire body was red and edematous. It "was a generalized dermatitis in the pre- 
exfoliative stage. 

A search into the man’s past brouglit out the following history of sypliilis. 
About twenty years before he had had an initial lesion. A small but undetermined 
amount of treatment was given at that time. In September, 1930, a routine em- 
ployment examination brought to light a strongly positive blood "Wassermann reac- 
tion. At this time he received one bismuth and one neoarsphenamine in.iection. He 
was not seen again, until July, 1931, when in seeking employment his record again 
brought him under treatment. He sought no symptom relief and compdained of no 
illness. He was given three in.iections of bismuth and five neoarsphenamine in.pec- 
tions of 0.3 gm. each. The first four in.iections were without untoward effect, but 
on the day following the fifth inpection the skin itched and became red. This con- 
tinued to increase in intensity, and tivo days later he was admitted for hospital 
care. Five injections of sodium thiosuljihatc and local treatment failed to check 
the advance in severity. 

On August 24, eleven days after admission, he became dyspneic, the liearl tones 
I'cre weak, and the pulse was difficult to palpate. He impiroved under the use of 
stimulants and the oxygen tent. 

On August 25 the skin was more edematous, and the crusting exudate of the 
exfoliative process was more pronounced. He was bringing up a frothy purulent 
material on coughing. Coarse moist rales wore noted in the right upper lung field, 
iBid there was diminished resonance below. Temperature was 99° and respirations 
were 30. 
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On August 2G I made my first examination. He was lying flat in bed and ap- 
peared very ill. The shin of the entii-e body was covered by a scaly crust. Breath- 
ing was too labored to justify much questioning. He complained of feeling ver}’ 
sick, of an intolerable itching all over the body (which necessitated bandaging to 
keep him from scratching), and of dilRculty in getting enough air. On physical ex- 
amination the left lung seemed practically clear, but the right lung showed an ex- 
tensive congestion with no demonstrable consolidation. A flat film of the chest 
taken in bed showed the above plus a questionable small area of bronchopneumonia 
in tlic left base. The heart outline was of the hypertensive type. Diathermy was 
applied to the chest, the oxygen tent was used and 10 c.c. of solution of digitalis 
were given intramuscularly during the course of the day. 

On August 2S the patient felt better. The skin was unchanged, and the cough 



was easier and productive of a thick sputum. Six c.c. of digitalis were admui- 
istered intramuscularly. 

On August 30 the patient was weaker. Tiie lungs were clearer, and coarse moist 
rales were heard over botli bases. (It must be remembered that the dermatitis made 
auscultation difticult.) No consolidation was clinically demonstrable. 

On August 31 the patient died suddenly. Owing to delay in locating relatives for 
]>urposes of securing permission, the autojisy was performed on the embalmed body 
under untavorable conditions. The following positive findings were taken from the 
notes of the pathologist, Dr. G. L. Berdez. 

The skin was red, desquamated and scaly with a serous exudate and a general 
edema. Alultiplc hemorrhagic infai'cts were present in both lungs. There were 
-00 c.c. of fluid in the left pleural cavity and 1.10 c.c. in the right. The spleen Avas 
congested and there Avas cloudy swelling of both kidneys. 
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The heart weighed 720 grams and showed a diffuse myocarditis. There were no 
mural thrombi. There were some yellowish atheromatous plaques in the aorta, not ex- 
tending into the coronary orifices or onto the aortic valves. The lumen of the coro- 
nary arteries showed not more than a Grade I narrowing at any point along the main 
branches. Cut sections showed a yellowish muscle of rather flabby consistency with 
grayish yellow mottling. The accompanying photomicrographs show a diffuse inter- 
stitial infiltration, mostly with lymphocytic and other mononucleated cells (Fig. 1). 
In Fig. 2 in the higher magnification, in addition to the above, polymorphonuclear 
cells are also numerous. There is a moderate amount of cloudy swelling and actual 
destruction of muscle fibers. No bacteria are noted. 

DISCUSSION 

In the recorded cases the most frequent clinical notations are sub- 
stenial pain or oppression, congestive heart failure and sudden death. 
What chest pain this man had was ascribed to the rapidly appearing- 
pulmonary congestion and the possible bronchopneumonia. The conges- 
tive heart failure was rather acute in onset eleven days after admission. 
Sudden death might have occurred at that time if emergency measures 
had not been available. 

The commonest description of the heart muscle is that of grayish yel- 
low mottled streaks on a background of dark red muscles of flabby con- 
sistency. This varies from plain dark red to streaked yellow and some- 
times grayish red. This case showed the yellownsh color of cloudy 
swelling. 

The heart weighed 720 grams. This is higher than any figure given in 
previous reports. The flat plate of the lungs showed what was inter- 
preted as a hypertensive outline. We are without benefit of blood pres- 
sure readings due largely to the severe dermatitis. At the age of forty- 
two years it is improbable that a great degree of long standing hyper- 
tension could account for much of this. No aortic insufficiency was 
noted. It therefore is reasonable to suppose that the bulk of the eardio- 
megaly, at least, was due to inflammatory changes in the myocardium. 

Four main possible causes must be weighed : first, the syphilis itself ; 
second, the direct action of the arsenic; third, the bronchopneumonia; 
and fourth, the exfoliative dermatitis with its associated infection or 
toxemia. 

Since Warthin's original work,® much has been said regarding acute 
myocardial failure occurring in cases of latent syphilitic myocarditis. 
In these cases demonstration of the Siyirocheta pallida has usually been 
possible in isolated areas, though diffuse cases have been reported. In 
the many sections studied in this case no spirochetes were demonstrated. 

The direct action of the arsenic is certainly open to conjecture. Ob- 
viously there was a low tolerance or idiosyncrasy to the drug. It 
does seem, however, that a direct reaction would have occurred more 
rapidly in the form of cardiac embarrassment. It is presumed that the 
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direct action is in the nature of a dramatic allergic phenomenon and 
that as such it would more nearly approximate the chronological onset of 
the skin manifestations. 

The autopsy findings ruled out a direct infection from broncho- 
pneumonia, for what was thought to he bronchopneumonia turned out to 
be an area of infarction. 

Lastly comes the question of the exfoliative dermatitis. The literature 
and the experience of those men who were land enough to discuss this 
case offer no precedent. The expedient of exclusion leaves the dermatitis 
as the most probable cause of the myoearditi.s. The absence of bacteria 
suggests the toxic rather than the infectious nature. 

SUMMARY 

1. A ease is reported in which a pathological diagnosis of acute dif- 
fuse myocarditis was made. 

2. A brief comparison with the most constant findings in other cases 
is made. 

3. Exfoliative dermatitis is believed to be the direct cause. 

A ease is reported of late, latent sjqjhilis in which treatment l)y arsenic 
was followed by exfoliative dermatitis. During this attack severe cardiac 
symptoms appeared and progressed rapidly to a fatal issue. The lesions 
of acute diffuse myocarditis were found at autopsy. 

The exfoliative dermatitis is believed to have been the cause of the 
myocardial changes. 
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Waring, Janies J., and Black, W. C.: The Ssmdrome of Obstruction in the Lesser- 
Circulation. Am. J. M. Sc. 187: 652, 1934. 

Thi.s survey of the symptoms of obstruction in the lesser circulation has been 
uinlcrtahen to emphasize the too frequently forgotten importance of the integrity 
of the pulmonary circulation in the process of oxygenization. 

The clinical evidences of chronic anoxemia arc commonly dyspnea, cyanosis, 
and polycythemia, rarely precordial pain and syncope. Signs of slowlj' develop- 
ing strain ujion the right side of the heart in the absence of other obvious 
cause, such as valvular defects, suggest obstruction in the lesser circulation, 
li'hether the obstruction be in the capillaries, as in certain instances of so-called 
Ayerza’s disease, or in the arterioles and small arteries or whether the obstruc- 
tion be in the larger divisions of the pulmonary arteries, the underlying clinical 
picture of chronic anoxemia and failure of the right side of the heart is essen- 
tially the same. 

Primai'ily obstructive lesions of the pulmonary circulation which involve ex- 
tensively the pulmonary capillaries or pulmonaiy arteries and are not imme- 
diately fatal raise the pulmonary arterial pressure and f)roduce hypertrophy of 
the right ventricle and also interfere with respiratory function and produce 
anoxemia. 

Hbrtou',' Bayard T.: Arteriovenous Kstula Involving the Common Femoral Artery 
Identified by Arteriography. Am. J. M. Sc. 187: 649, 3934. 

This case report serves to illustrate the importance of definitely determining 
the site of an arteriovenous fistula by means of arteriography and to demonstrate 
the clinical signs and symptoms of acquired arteriovenous fistula. With the 
liistory, the presence of a bruit, the thrill over the right thigh and the 'brady- 
cardiac reaction, the diagnosis of arteriovenous fistula of the acquired type 
seemed definitely established. The diagnosis was confirmed by the demonstra- 
tion of a high admixture of arterial and venous blood in the right femoral vein. 
The site of the fistula could be determined only by means of arteriography or 
by surgical exploration. 

Griffith, George C., Chamberlain, Charles T., and Kitchell, J. Eoderick; Observa- 
tion on the Practical Significance of Venotis Pressure in Health and Disease 
With a Eeview of the Literature. Am. J. M. Sc. 187: 642, 1934. 

in this article the authors discuss the clinical aiiplication of determinations 
of venous pressure and the usefulness of the procedure in the hands of the gen- 
eml practitioner who is confronted %vith diagnostic problems of eardiova.seular 
' ‘Sense. There is a brief discussion of the normal venous pressure and its 
physiologic variations. Four fundamental functional factors affecting peripheral 
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venous pressure namely: (1) vis a torgo or lieart action; (2) intrnthoracic pres- 
sure; (3) hydrostatic level; (4) volume of blood in the vein are discussed. 

Use of venous pressure determinations in various clinical conditions is dis- 
cussed. It is pointed out in particular that in primary congestive heart failure 
and in other disease entities complicated l3y or simulating cardiac decompensa- 
tion, the procedure should offer practical diagnostic, prognostic, and tliorapcutic 
aid. The significance of venous hypotension is discussed. 


Goldhloom, A. Allen: Clinical Evaluation of Lead IV (Chest Leads). Am. .T. hi. 

Sc. 187: 489, 1934. 

The purpose of this study was to sec ■whether Lead IV ■would be positive only 
in those cases where the routine three leads were positive or whether it might 
sometimes be positive while the routine three leads were negative. If the fourth 
lead were positive only in con.^junction with positive routine three leads, it would 
be superfluous as an additional method; but, if it should prove positive in any 
case where the routine three leads were negative or doubtful, it would be of 
definite value. All the 8G patients wei’C ambulatory except 13. Forty of the 
86 patients had definite clinical symptoms of coronary artery disease 'ivith or 
without a history of acute occlusion. The method carried out in this scries was 
that of Wolferth and Wood; although in a few eases posteroanterior position was 
also used and proved of value. 

Of those eases with coronary artery disease, 28 showed positive routine 3 
leads, 12 showed an abnormality in Load IV and positive routine 3 leads, and 3 
showed an abnormality only in Lead IV. Four of the 13 cases of acute coronary 
thrombosis showed an abnormal Load IV, whereas the routine 3 lends were nega- 
tive. 

A serial study of a case of coronary thrombosis showed that abnormal Lead 
IV may persist long after abnormal changes have disappeared from routine 3 
leads. Since abnormal Lead IV proves positive in cases of coronary artery dis- 
ease and acute coronary thrombosis, its employment as a routine electrocardio- 
graphic method is advocated. 


Schwartz, Sidney P., and Jezer, Abraham: Studies on Transient Ventricular 
Fibrillation. I. Observations on the Alterations . in the Rhythm of the Heart 
Preceding Syncopal Seizures in a Patient With Normal Sinus Rhythm. Am. 
J. hi. Sc. 187; 469, 1934. 


Clinical manifestations were correlated with electrocardiograms of the altera- 
tions in the rhythm of the heart of a boy with infectious myelitis during a period 
when he was experiencing recurrent syncopal attacks, each of several minutes ’ 
duration. Prior to such seizures, there was at first an acceleration of the basic 
sinus rate from an average of 90 to 150 beats per minute but the rhythm was 
regular. Sooner or later, in an unpredictable manner, premature ventricular 
beats began to disrupt the basic rhythm, first appearing after every fourth normal 
beat and then alternate^ after every other normal beat. To these premature 
beats there were added from time to time recurrent groups of aberrant ventricu- 
lar oscillations, only the first two or three 'which could be heard at the apical 
region of the heart or felt at the pulse, thus resulting in periodic irregular 
pulse pauses.” When the duration of these “pulse pauses” was only eight or 
ten seconds, there was momentary loss of consciousness with pallor of the skin. 
If they lasted between twenty and forty seconds, there was loss of consciousness. 
If they weie of a duration longer than forty seconds, there resulted a typical 
>- o -es Adams seizure with loss of consciousness, epileptiform convulsions, incon- 
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tinence of feees and urine and stertorous breathing ending in apnea Avith intense 
cyanosis. 

These recurrent periods of aberrant ventricular oscillations arc short runs of 
ventricular fibrillation, and their presence in the electrocardiographic tracings was 
the most characteristic feature of the alterations in the rhythm of the heart 
that preceded syncopal seizures in this patient. 

Schwartz, Sidney P., and Hanswirth, Louis: Studies on Transient Ventricular 
Fibrillation. II. Observations on the Alterations in the Rhythm of the Heart 
Preceding Syncopal Seizures in a Woman With Transient Auriculoventricular 
Dissociation. Am. J. M. Sc. 187: 478, 1934. 

Successive electrocardiograms were correlated Avith the clinical manifestations 
of a woman who was sulfering from recurrent syncopal seizures. Particular at- 
tention Avas paid to the alterations in the rhythm of the heart that preceded 
syncope. 

The patient usually showed normal sinus rhythm in betAveen attacks. For 
some time prior to a seizure, the normal sinus rhythm alternated Avith that of 
auriculoventricular dissociation. There was a marked waxing and Avaning of the 
rates of both the auricles and the ventricles during the presence of aurieuloven- 
tricular dissociation. 

Sooner or later this dissociated rhythm Avould be interrupted by premature 
A’entrieular beats coming on singly so as to form a bigeminal rhythm. Occa- 
sionally a normal sinus beat Avould be interpolated in this dissociated rhythm, 
appearing at first after every eighth effectual Amntricular contraction and then 
more frequently. Alterations betAveen the normal sinus rhythm and the disso- 
ciated rhythm resulted in grouped beats forming trigeminies and quadrigemiuies 
AA’ith regular periodicity. 

When the appearance of these various rhythms had materially increased the 
rate of the ventricles after they had been slowed during auriculoventricular dis- 
sociation, recurrent ventricular oscillations began further to disrupt the cardiac 
mechanism. These aberrant ventricular oscillations were variable in shape, size, 
and form from beat to beat. They Avere associated clinically Avith ineffectual 
A’entricular contractions resulting in periodic “pulse pauses,” absent heart 
sounds, and a collapse of the circulation. 

If these ventricular oscillations lasted from eight to ten seconds, then the 
patient merely shut her eyes, and her face assumed an ashen gray pallor. If 
they were of tAventy seconds’ duration, she lost consciousness. If they lasted 
longer than forty seconds, a typical Stokes-Adams seizure ensued. 

These short groups of ventricular oscillations are short runs of ventricular 
fibrillation, and no syncopal seizure resulting from A'cntricular fibrillation ap- 
peared without these shorter runs heralding a major attack. Because of this, 
they are pathognomonic for A'cntricular fibrillation, and their recurrent presence 
in any electrocaidiogram should help in the diagnosis of the cardiac mechanism 
underlying such syncopal seizures. 

Seecof, DaAdd F., Linegar, Charles R., and Myers, Victor C.: The Difference in 
Creatine Concentration of the Left and Bight Ventricular Cardiac Muscles. 
Arch. Int. Med. 53: 561, 574. 

Studies have been made on the creatine content of the right and left A'on- 
iricular muscle on 114 human and 9 animal hearts. The method employed for 
0 creatine determination is a modification of that of Rose, Hclmor and Chanutin. 

^ Has found that the concentrations of creatine of the left and right A'cntricular 
use es of the heart are different, the former haA’ing the greater concentration. 
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Attention has also been called to correlations between creatine content and ago 
and weight of the heart. From the standpoint of creatine and creatinine metab- 
olism, it is significant that when the creatine content of voluntary muscle ex- 
ceeds about 400 mg. (the probable saturation point) a corresponding elevation 
in the cardiac muscle also occurs, and further, that the retention of creatinine in 
renal disease has an augmenting influence on the creatine content of both cardiac 
and voluntary muscle. 

In addition to embryological, anatomical, physiological and pathological ob- 
servations, chemical evidence is now presented pointing to the fact that the loft 
and right ventricles are different muscles. These differences justify the concept 
that the heart is not a uniform muscle but that it is made up of several quali- 
tatively different muscles. The significance and possible practical value of this 
concept are discussed. 

Harrison, W. G., Calhoun, J. A., and Harrison, T. R.: Congestive. Heart Failure. 

XVIII. Clinical Types of Nocturnal Dyspnea. Arch. Int. !Med. 53: oCI, 1934. 

A clinical .study has been made of thirtj' patients who had cardiac disease and 
who suffered from attacks of nocturnal dyspnea, klost of the subjects were mere 
than forty years of age. Tlie chief causes of cardiac disease in these cases 
were hypertension, arteriosclerosis, and .syphilitic aortic insuflicicnej'. There were 
only two patients with rheumatic heart disease, and of these only one had un- 
complicated mitral stenosis. Tlie occurrence of nocturnal dyspnea is restricted 
almost entirely to patients with disorders which cause a strain on the left 
ventricle. I.'neomplieatcd .syphilitic aortitis (i.c., without aortic insufilciency, 
occlusion of the coronary vessels or aneurysm) practically never causes nocturnal 
dyspnea. 

Cardiac enlargement and diminished vital capacity were constant objective 
findings; premature beats and gallop rhythm occurred in a large number of the 
patients. Only four patients in the scries had auricular fibrillation. 

The following factors have been found to be precipitating and predisposing 
causes of the attacks: (1) the position of the body in twenty-seven cases, (2) 
cough in twent 3 '-threc cases, (3) the amount of activitj' engaged in during the 
preceding da}' in twent,y-one cases, (4) abdominal distention in seventeen cases, 
(5) large evening meals in twelve cases, (G) constipation and desire for bowel 
movement in twelve cases, (7) hunger in eight cases, (S) unpleasant dreams in 
eight cases, (9) heat in eight cases, and (10) urination in seven cases. 

Analj'sis of the histories of the cases indicates that nocturnal dj-spnea maj' 
be subdivided into several t,vpcs of rcspiratoiy distress: 

1. A type which is not paroxj^smal but which develops graduallj' during the 
course of the daj', usuallj- appearing first in the late afternoon and reaching its 
maximum intensiW at bedtime. For this sj'ndrome the name “evening dvspnea” 
is proposed. 

2. Attacks of shortness of breath appearing onlj- at the onset of sleep and 
tending to prevent the patient from reaching a state of deexJ .sleep. However, 
if such a patient falls into a sound sleep, he is likely to remain free from 
attacks throughout the remainder of the night. Patients with this type of 
dyspnea frequently exhibit Chejme-Stokes resxnration and are unlikety to have 
seizures of acute pulmonary edema. 

3. Attacks of dj^spnea which begin after the patient has begun to .sleep 
soundly and which are likety to cause acute edema of the lungs. Chejme-Stokes 
resxriration is an infrequent finding in patients with this type of dyspnea. 

4. Combination forms. The same patient may have all three types of dyspnea 
or anj' two of them. 
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In subsequent articles objective observations will be presentecl concerning 
these various forms of respiratory distress. 

Parker, Prederic, Jr., Keefer, Chester S., Myers, Walter K., and Irwin, Ralph L.: 

Histologic Changes in the Knee Joint With Advancing Age. Arch. Path. 17: 

516, 1934. 

Histological examination of the tissues from 100 knee joints of patients who 
had died of miscellaneous diseases was made. The gross anatomical changes 
have been reported in a jn’evious article. The examination revealed the follow- 
ing observations; The synovia was essentially normal except in eases in which 
there were alterations in the cartilage. In these the capsule was somewhat 
thickened, papillary projections of the synovia occurred, and occasionally there 
were small collections of lymphocytes about the blood vessels. The cartilage 
showed fibrillation, degeneration, and some areas of regeneration. In some cases 
it was completely destroyed. 

The subchondral bone was thickened owing either to compression or to forma- 
tion of new bone. The marrow spaces were frequently filled with fibrous tissue, 
cysts, and areas of cartilage. Bony projections or so-called exostoses were due- 
to a projection of bone and cartilage over the edge of the joint surface or to a 
depression of the cartilage below' its original level, thus giving the appearance 
of bony overgrow'th. They resulted from a forcing outwmrd of bone and cartilage 
by flattening of the joint surface owdng to pressure and erosion. 

These changes are identical wdth those previously described as characteristic 
of degenerative arthritis. The evidence is that they are the result of injury 
and repair and that they occur wnth inci'casing frequency with advancing age. 

Gilchrist, A. Rae: Ephedilne Sulphate and Barium Chloride in the Prevention 

of Stokes-Adams Seizures. Brit. M. J. 1; 610, 1934. 

In six cases of complete heart-block cphcdrinc taken orally increased the rate 
of ventricular beating in four. In two patients the test was indecisive. Barium 
chloride produced no demonstrable effect on the ventricular rate in the four 
cases responding to ephedrine. It did no liarm in doses larger than those orig- 
inally recommended. 

In tw'o cases of complete heart-block complicated by occasional Stokes-Adams 
seizures, ephedrine taken for two and one-half and one and one-half yeans re.spcc- 
tively proved entirely successful in the prevention of syncopal attacks. hen 
the drug was discontinued, typical seizures returned. 

It is recommended that the dose of cphcdrinc should bo the minimum quantily 
consistent w'ith an acceleration of the resting ventricular rate. Larger doses 
may cause overstimulation. If the drug be then suddenly omitted, profound slow- 
ing of the ventricular rate, with repeated Stokes-Adams attacks may occur as a 
result, presumably of exhaustion of the idioventricular center. A dose of one- 
half grain by mouth at eight-hour intervals may be sufiicient. In the absence of 
positive findings, it is difticult to credit barium chloride with the power of pre- 
venting Stokes-Adams seizures. 

Perry, c. Bruce; The Peripheral Circulation in Acute Lohar Pneumonia. Quart. 

J. Med. 3; 273, 19:54.. 

In an nttcnq)t to provide definite evidence that the condition in ])neumonia 
called heart failure is usually the direct sequel of failure at the perijdiery of the 
circu ation rat u r than in heart, a study of the failure of the small vessels 
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of the skin in patients with lobar pneumonia has been made. The reactions of 
the small vessels of the skin wore studied in 2G cases of lobar pneumonia. Ob- 
servations were made on the skin coloL the blood pressurCj the response of the 
skin vessels to histamine, to stroking and to adrenalin, and finally the back 
pressure on the circulation recpiired to accelerate the blanching produced by the 
latter. 

These reactions show an impaired efficiency in the contractility of the capil- 
laries at the height of the disease. The recovery of the capillaries is slow and 
not immediately affected by the crisis. Part at least of the circulatory failure 
met with in lobar pneumonia is due to this impaired efficiency of the small blood 
vessels. The blood pressure is raised rather than lowered during the acute phase 
of the disease. 

Bain, C. W. Curtis: Observations in the Speed of the Circulation. Quart. J. Med. 
3: 237, 1934. 

The time taken for the blood to travel from the arm to the face in normal sub- 
jects as shown by the histamine flush test is twenty-two seconds. The normal 
range is from nineteen to twenty-five seconds. The flush times are fast in hyper- 
thyroidism, in the effort syndrome, in advanced anemia, and in diseases of the 
lung. 

In the diseases of the heart some patients have had normal flush times; they 
have not been incommoded by their hearts. Others who have had no symptoms 
have had flush times from twenty-five to thirty seconds. These may be regarded 
as having a measure of cardiac insufficiency. Dyspnea and effort angina appear 
when the flush times have sloAved to thirty-one seconds. It is suggested that 
dyspnea and effort angina should be regarded as alternative symptoms of cardiac 
failure. 

Venous congestion is found in about half of those whose flush times are thirty- 
two seconds or more. The remainder include those suffering from anginal attacks 
and those who have been prevented from overexerting themselves. Edema is an 
almost constant finding in those whose flush times are forty-two seconds or more. 

The above figures apply only when the lungs, blood, and basal metabolism arc 
normal. When heart failure is complicated by pulmonary diseases, advanced 
anemia, or hyperthyroidism, the flush times are faster. Corresponding to the 
grade of failure, the heart will be less severely damaged than would be the case 
if these complications were absent, and great improvement may be expected if 
they can be removed. 

Hirsch, I. Seth: The Recording of Cardiac Movements and Sounds hy the 
Roentgen Ray (Kymophonoroentgenography) . Radiology 22: 403, 1934. 

The author describes a simple graphic method of obtaining a permanent record 
of the movements of the heart on a single film. Essentially this method is 
roentgenography through a slit diaphragm placed close to the object in motion, 
the recording film not being at rest as in ordinary roentgenography but moving 
at a constant rate of speed at right angles to the direction of the slit. The 
apparatus is of the multiple slit type. It consists of an impervious plate with 
slits of equal width, a mechanism for moving a film at a constant speed behind 
a grid, a mechanism for energizing the x-ray tube shortly after this movement 
begins and for cutting off the energization of the tube shortly before the film 
movement ends. 

It is believed that this kymographic method contributes the following informa- 
tion to the morphological and physiological study of the heart: (1) the actual 
make-up of the cardiac shadow; (2) the shape of the heart as a whole, or any 
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of its chambers during the various phases of movement; (3) size of the heart 
in systole and diastole or any intermediate phase; (4) characteristics of the 
movement of the heart as a whole or of its various chambers; (5) activity and 
accomplishment of the cardiac muscle; (6) the relationship of contraction to con- 
duction phenomena; and (7) the relationship of movement to sound phenomena. 

Ayman, David: Heredity in Arteriolar Hypertension. Arch. Int. Med. 63: 792, 

1934. 

To determine more clearly the presence of a familial or hereditary factor in 
arteriolar (essential) hypertension, a direct study of the blood pressure, height, 
and weight of 1,524 members of 277 families was made. 

It was found that in 780 members, aged from fourteen to thirty-nine years, 
of the second generation of the families, elevated systolic and diastolic blood 
pressure readings (140 systolic and SO diastolic, or .higher) occurred in 148 sub- 
jects. These 148 subjects had the same average age and sex incidence as the en- 
tire group of 780 children, but they were 14.3 pounds above the average weight 
compared to 4.5 pounds above the average weight for the normal children. 

The families studied were then grouped according to the presence or absence 
of arteriolar (essential) hypertension in one or both parents. In the families 
whose parents had absolutely normal blood pressures, the incidence of elevated 
blood pressures in the children was only 3.1 per cent. In the families in which 
one parent had arteriolar hypertension, the incidence of elevated readings in the 
children rose to 28.3 per cent. In the families in which both parents had arterio- 
lar hypertension the incidence of elevated readings in the children reached the 
striking level of 45.5 per cent. 

Of 70 brothers and sisters of parents with normal blood pressures, 37.3 per 
cent had elevated blood pressure readings; whereas of 86 brothers and sisters 
with arteriolar hypertension, 65.3 per cent had elevated blood pressure readings. 

Finally, IS families, in which parts of three generations were available, were 
studied and results were found strikingly similar to those given in the preceding 
paragraph. 

The results presented show that there is an unusually high incidence of ele- 
vated blood pressure readings in the children, brothers, sisters, and parents of 
subjects with arteriolar hypertension, as compared with similar relatives of 
subjects with normal blood pressure. These results are strong evidence for the 
existence of a hereditary factor in arteriolar (essential) hypertension. 

Harrison, William Groce: Cerebrospinal Fluid Pressure and Venous Pressure in 

Cardiac Failure. Arch. Int. Med. 53: 782, 1934. 

The cerebrospinal fluid pressure is markedly elevated in persons with con- 
gestive heart failure. 

The cerebrospinal fluid pressure, exceirt for slight variations, usually runs 
closely parallel to the venous pressure in the prone ijosition in persons with 
cardiac failure; and, as a rule, the average ratio between the spinal fluid pres- 
sure and the venous pressure (1.6) in the patient with cardiac disease corre.sponds 
closely to that in the normal person. In general, either may be predicted from 
knowing the other. 

The fall in cerebrospinal fluid pressure usually runs closely jrarallel with the 
fall in venous pressure as the patient with cardiac failure regains compensation. 

Spinal drainage in patients with congestive heart failure was followed bj’ a 
fall in venous pressure in eight instances, by a rise in two instances, and by 
no change in three instances. In the majority of cases spinal drainage was fol- 
lowed by a decrease in dyspnea. 
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The cisternal pressure is much less in patients in the sitting than in the prone 
position, although the systemic venous pressure and spinal fluid pressure are 
greater. This difference in cisternal pressure and hence in cerebral venous pres- 
sure is more pronounced in patients with cardiac failure; its bearing on orthopnea 
is discussed. 

The relationship of the increased intracranial pres.surc to Cheync-Stokes’ res- 
piration and hypertension in patients with congestive heart failure is discussed. 


Lewis, J. K.: Nature and Significance of Heart Sounds and of Apex Impulses 

in Bundle-Branch Block. Arch. Int. Med. 53: 741, 1034. 

The nature of the physical signs present in twenty patients with bundle- 
branch block and in three patients with "atypical” bundle-branch block has 
been determined by means of records of the heart sounds and apex c.ordiograms. 
Records of the heart sounds were obtained from all paticTits; apex cardiograms, 
from fourteen. 

Physical signs of two distinct types occurred. Presystolic gallop rhythm was 
present in nine patients. In three of these patients a pre.systolie impulse was 
associated with the presystolic sound; in one the impulse was the only sign pres- 
ent. 

A reduplicated first sound, entirely systolic, occurred in five patients. A double 
.systolic impulse was present in one patient. A reduplicated first sound and a 
double systolic impulse were not found together in any of the patients studied. 

The presystolic gallop rhythm present in these patients was the same as that 
found in persons without bundle-branch block except for a tendency for the in- 
terval between the P-wave and the gallop sound to be prolonged. The lengthen- 
ing of this interval may be related to the absence of severe grades of circulatory 
failure in this particular group at the time of examination. The presence of 
gallop rhythm in bundle-branch block could be accounted for by the fact that 
both conditions occur in the same general type of licart disease and under the 
same circumstances. It could not be related to the bundle-branch block itself 
(or to asynehronism of the ventricles). 

The incidence of gallop rhythm in the whole group was higher than that pres- 
ent in an unselected group, of patients with degenerative heart disease. The ex- 
planation for this fact was not entirely clear, but the frequency of the anomaly 
appeared to be a reflection of the severity of the heart disease which accompanies 
bundle-branch block. 

The frequenc,y with which a reduplicated first sound occurred and its close 
association with the QES complex suggest that it may be produced by asynehron- 
ism of the ventricles. However, evidence to prove or to disprove this point did 
not appear to be adequate. 

The nature of the physical signs present was not such as to permit their use 
as diagnostic signs of bundle-branch block. 

Harrison, W. G., Calhoun, J. A., Marsh, J. P., and Harrison, T. B,.: Congestive 

Heart Failure. XIX. Reflex Stimulation of Respiration as the Cause of Eve- 
ning Dyspnea. Arch. Int. Med. 53: 724, 19.34. 

A comparison has been made between morning and evening values of the gases 
in arterial blood and of respiratory and circulatory functions in a group of pa- 
tients who had congestive heart failure and who suffered from dyspnea which 
uas more marked in the evening than in the morning. The following results were 
obtained: 

1. The oxygen capacity of the blood tended to be higher in the morning, and 
the oxygen saturation was usuallj' greater in the evening. The differences were 
usually so slight as to be negligible. 
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2. Consistent variations n-ere not observed in the hydrogen ion concentration, 
the carbon dioxide content or the carbon dioxide pressure of the blood. On an 
average the blood was slightly more alkaline in the evening and had slightly 
lower values for carbon dioxide content and carbon dioxide pressure. 

.H. No consistent alterations in heart rate or blood pressure were observed. 

4. The consumption of oxygen was about 10 per cent higher in the evening 
than in the morning. The respiratory rate and minute ventilation were gi eater- 
in the evening by an average of 15 per cent. The vital capacity was slightly 
lower in the evening in practically every instance, but the dift'oieiice found Avas 
often not greater than the error of measurement. 

5. Control observations were made on a group of patients without cardiac 
disease and on a group of patients with cardiac disease but without dyspnea. 
These tAvo groups differed from the dyspneie subjects in the following results: 

(a) I'heir diastolic blood pressures were usually loAver in the CA'ening than in 
the morning, AA'hereas no change Avas observed in the patients Avith dyspnea. 

(b) Although their increase in consumption of oxygen in the evening Avas of 
about the same degree, they exhibited no increase in respiratory rate and much 
.smaller increases in Amntilation. LikeAvise, the control group did not exhibit 
constant changes in vital capacity. 

Experiments were performed on dogs in order to determine Avhethcr pulmonary 
congestion of such slight magnitude as to cause a barely measurable decrease 
in vital capacity could cause reflex stimulation of respiration. The folloAving 
results were obtained; 

1. In animals Avith intact Amgus nerves the introduction of as little as 25 c.c. 
of blood into the left pulmonary artery (the left pulmonary veins being tied) 
led to a Avell-marked increase in respiratory rate and in ventilation. 

2. Introduction of the same amount of air into the right ideural cavities of 
the same animals caused less marked and less sustained respiratory stimulation. 

3. After bilateral A'agotomy the introduction of blood or air produced no 
significant changes in respiration. 

As a result of these clinical and experimental obserAmtions the folloAA'ing con- 
clusions are drawn: 

The pulmonary afferent fibers of the A'agus nerve are extremely sensitive to 
pulmonary congestion. A A'ery small amount of excess blood in the pulmonary 
A’ascular bed causes a A\’ell-marked reflex stimulation of breathing. 

Evening dyspnea in patients Avith congestive heart failure is probably to be 
attributed to reflex respiratory stimulation and a decrease in Autal caiAacity be- 
cause of an increase in the degree of the preexisting pulmonary congestion. The 
greater congestion of the lungs in the CAmning than in the morning is belicA’cd 
to be due to greater bodily actiAdtj’^ during the waking hours. 

Katz, Louis N.; Soskin, Samuel; Schutz, William J.; Ackerman, Walter; and 

Plant, Julian L.; A Metabolic Exercise Tolerance Test for Patients With 

Cardiac Disease. Arch. lut.' hied. 53: 710, 1934. 

A relatively simple method has been dCA'ised for measuring the excess oxygen 
consumption in exercise, the oxygen debt, and the rccoA-ery time. This metabolic 
tolerance test has been applied to a group of normal j^ersons and to a group of 

P'dients nltcnding the clinic for cardiac disease, and the results have been com- 
pared. 

It AAas found that these measurements, particularly of the excess oxygen con- 
sumption of exercise, Avere greater than normal in patients Avith organic heart 

isoase and Avith a history of some limitation of activity, even Avhen no con- 
go Aiao heart failure Avas present. When these patients Avere classified into sub- 
f,roup.s, according to the history of the degree of limitation of actiA-ity, the 
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measurements become progressively greater as one passes from the group "with no 
limitation of activity to the group with marlcecl limitation. 

It is concluded that this test, which yields an objective quantitation of the 
cardiac capacity of a patient at the time of examination, merits further con- 
sideration as an adjunct in the stud 3 ’^ of cardiac disease. 

Soskin, Samuel; Katz, Louis N.; Markle, Philip; and Henner, Robert: The 

Metabolic Exercise Tolerance Test. Arch. Int. hied. 53: 706, 1934. 

A simplified method is described for determining the excess oxj'gen consump- 
tion during exercise and time required for recovery by the metabolic exercise 
tolerance test. The test is hardlj’’ more difficult to perform than the ordinarj- 
basal metabolism test and is suitable for routine use in the clinical laboratory. 
The objective nature of the test, which eliminates the subjective influence of 
both patient and physician, makes it particularlj' suitable for the accumulation 
of data by different observers on large groups of persons. Such an application 
might be made in the classification of cardiac disability for insurance juirposcs. 

Eggleston, Cary: The Medical Treatment of the Thyrocardiac. Am. J. M. Sc. 

187: 737, 1934. 

Four clinical types of tliju-ocardiac disease may be distinguished; first, those 
patients with Graves' disease with structurally normal hearts; second, Graves’ 
disease in patients with rheumatic heart disease; third, thyrotoxicosis in patients 
with arteriosclerotic or hypertensive heart disease; and fourth, patients with 
“masked hj^perthyroidism. ’ ’ Emphasis is laid upon thyrotoxicosis as the common 
factor primarily responsible for the cardiac manifestations in all four types. 

The relatively unsatisfactory results of cardiac therapy arc pointed out. The 
keystone of successful treatment is shown to bo the control of the thj'rotoxic 
state. The minimum of risk and the maximum of success are obtained by pre- 
operative medical treatment, subtotal thj'roidectomy at the most favorable stage, 
and postoperative medical treatment when necessary. 

Craig, Henry R., and White, Paul D.: Etiology and Symptoms of Neuro-Circula- 

tory Asthenia. Arch. Int. Med. 53: 633, 1934. 

To throw more light on certain aspects of ncurocirculatorj- asthenia (in par- 
ticular, its etiology and sj-mptoms) the analj^sis of 100 cases is presented, 50 with- 
out and 50 with organic heart disease. In this scries of 100 cases the females 
outnumbered the males, 69 to 31. The average age of civilian patients is higher 
than that among soldiers during the Avar, doubtless because one is dealing with 
all ages in the community. The ages in our series ranged from tAvehm to sixty- 
nine years, the aAmrage age for 100 patients being 35% jmars (31% j’cars for 
those with pure ncurocirculatory asthenia and forty years for those AA’ith com- 
plicating organic heart disease). Onlj^ 9 per cent of the 100 patients were poorly 
dcAmloped or undernourished. The great majoritj’’ Avere aa’cII dcA'clopcd and well 
nourished, or obese. 

bieurocirculatory asthenia maj’' be classified etiologicallj-: 

A. (1) That which follows scAmre infection, operation or other illness (9 per 
cent of the cases). (2) That following prolonged fatiguing work or heavA' strain 
of some other sort without respite (10 per cent of the cases). 

B. (1) That folloAving a slight to moderate infection, operation or other illness 
(25 per cent of the eases). (2) That folloAving a slight to moderate amount 
of fatiguing AA-ork or of strain of any sort (35 per cent of the cases). 

G. That occurring after little or no strain, but tending to be much aggraA'ated 
by illness or fatigue (20 per cent of the cases). 
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The borderline between the normal and the abnormal is ill defined, but it is 
best indicated by the appearance of symptoms in the course of the usual physical 
activities and excitements of daily life, which previously gave no symptoms, or 
which in the average person would produce no symptoms. Neurocirculatory 
asthenia is to be distinguished from “irritability of the heart” alone as shown 
by premature beats or paroxysmal tachycardia. It is also to be distinguished 
from neurosis as such, in which anxietj’^, hj’pochondriasis or hysteria is pre- 
dominant. Twenty-five such cases were analyzed for comparison. It differs from 
ordinary neurasthenia, in which the flight into disease is manifested primarily 
by lack of energy, easy mental and physical exhaustion, and irritability. The 
authors have presented data with reference to symptoms in twenty-five cases of 
neurasthenia. “Neurocirculatory asthenia” is a term to be preferred to “effort 
syndrome” in designating the condition under discussion, since effort syndrome 
may be produced in normal people. 

Palpitation, respiratory discomfort, precordial pains, or aches and e.xhaustion 
are the four cardinal symptoms of neurocirculatory asthenia. They occur in the 
order named with almost the same frequency (78 to 83 per cent of the 100 cases). 
Eadiation of the precordial discomfort of neurocirculatory asthenia to the left 
arm, axilla, shoulder or scapula may occur (in 33 of 74 cases of this series). 
The more severe the precordial discomfort, the more likely the radiation. Sigh- 
ing respiration and precordial tenderness are important confirmatory signs and 
arc almost pathognomonic of neurocirculatory asthenia. 

"When neurocirculatory asthenia complicates organic heart disease, the symp- 
toms are essentially the same in character and quantity as they are in the absence 
of organic heart disease. The fundamental mechanism of neurocirculatory 
asthenia remains obscure. Variations of the same mechanism in different per- 
sons, or indeed, even different mechanisms may give rise to the different combina- 
tions of sjTnptoms and signs. 

Reichert, Prederick Leet; Kytand, David A.; and Bruck, Edwin L.: Arterio- 
sclerosis of the Lumbar Segmental Arteries Producing Ischemia of the Spinal 

Cord and Consequent Claudication of the Thighs. . Am. J. il. Sc. 187: 794, 1934. 

The ordinary intermittent claudication in the arteriosclerotic is characterized 
by pain which is attributed to physiological processes developing in the work- 
ing muscles easily fatigued due to impaired blood supply. It is associated with a 
lack of arterial pulsation in the feet and ankles, color alterations in the skin of 
the extremities on change of posture and roentgonographic evidence of calcifica- 
tion in the arteries of the legs. 

Intermittent claudication because of weakness in the thighs and hips was the 
chief complaint of four nousyphilitic arteriosclerotic patients who c.xhibited a 
spastic gait resembling that of a tabetic, who had no positive neurological signs 
and whose roentgenograms revealed calcification in the lower abdominal aorta. 

The claudication of the thighs in these four patients was attributed to ischemia 
of the spinal cord produced by alterations in spinal branches of the arterio- 
sclerotic lumbar segmental arteries arising from the abdominal aorta. 

This hypothesis was strengthened by roentgenographic evidence of calcifica- 
tion in the terminal portion of the abdominal aorta and by experimentally pro- 
duced claudication in the thighs of adult dogs after occlusion of the lumbar seg- 
mental artorio.s without interference with the blood supply to the thighs or re- 
mainder of the lower extremities, as shown roentgenographically by complete 
arterial in,icctions of the animals. 

Unilateral claudication developing after ipsolateral occlusion of one or more 
lumbar arteries in the dog afforded further proof that ischemia of the spinal cord 
was the cause of the claudication. 
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Knimlahaar, E. B.: Electrocardiographic Changes Accompanying Acutely In- 
creased Pressure Pollowing Piilmonary Artery Ligature. Am. .T. 3*1. Se. 187: 

792, 1934. 

In an attempt to study the effect on the electrocardiogram of rapidly increased 
intraventricular pressures, records ■were taken before and after varyiiig degree.s 
of pressure U'cre exerted on the pulmonary artery of aTicstlictizcd cats. The ef- 
fect of increase in the pressure ■within the right ventricle as practiced, in these 
experiments was regularly to increase the size of the P-wave in all Leads and 
frequently to produce extreme ventricular deflections like those seen in congenital 
heart disease. Sometimes signs similar to those of preponderance of the right 
ventricle appeared and disappeared when the clamp was loosed. "When the 
clamp was about thrce-fouiths clo.sed, tlie right ventricle usually became much 
congested and dilated with a slow beat and the electrocardiogram sometimes 
shorved a deep broad S„ a high broad P,, and in Lead II a deep A, medium P 
and no S. The possibility of such changes being due to bundle-branch block must 
of course be borne in mind. The T-wavc, when not engulfed in the preceding S, 
sometimes became enlarged, sometimes inverted or diphasic, sometimes coming off 
near the point of E or S respectively, or at a new level from an overshoot of E 
(or S) or finishing at a new isoelectric XJCriod. Small extra waves, as if continua- 
tion of the T disturbance, were sometimes noted. It is suggested that changes 
in the ventricular complex, perhaps resembling those of right or left ventricular 
preponderance, especiallj' if transient, may bo due to changes in intraventricular 
pressure and not always to changes in muscle mass or position of the heart. 


Buckbinder, 'William C., and Katz, Louis N.: The Electrocardiogram in Acute 

Experimental Distention of the Bight Heart, Am. .1. Iff. Sc. 187: 785, 1934. 

The production of diffuse inilmonary emboli of metallic mercury following its 
introduction directly into the right heart or systemic venous circulation causes 
acute distention of the right heart. In the more chronic experiments a marked 
degree of right heart dilatation is regularlj'- produced. 

Instrumental compression of the pulmonary artery produces a marked balloon- 
ing out of the right side of the heart, followed soon after by a similar balloon- 
ing of the left' side. 

Acute distention or dilatation of the right heart in the above experiments is 
accompanied by no significant deviation of the electrical axis of the heart. 

The peculiar aberrations of the ventricular complex (QEST) produced by 
mercury injection are illustrated, and evidence is presented to show that they 
arise because of short circuits set up by the intracardiac and extracardiac metal. 


Edeiken, Joseph, and Wolferth, Charles C.: The Clinical Significance of Low 

T-Waves in the Electrocardiogram. Am. J. M. Sc. 187: 778, 1934. 

A vertical or transverse position of the heart has a marked influence upon the 
^ cntricular waves of the electrocardiogram. In vertically placed hearts, E, is 
Hequently low and often a low T, is associated. In transversely placed hearts 
%-3 is very frequentl 3 ^ inverted and is sometimes associated with a low T„; in 
many cases these findings arc also associated with left axis deviation. 

Although the association of low T\ and E, is frequentty encountered in vertical 
marts, it is also found in the pre.sence of cardiovascular damage, especially in 
rheumatic heart disease. 

dissociation of a low T, and high E, is usually encountered in cases show- 
been especially hypertension. It has, however, 

strahle ' ' 'U’bich no cardiovascular abnormality was demon- 
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The iucidcnce of definite cardiovascular abnormality found in cases referred 
from -wards and out-patient clinics for clcetrocardiographic study which could be 
classified in one or another of the electrocardiographic types under consideration 
was as follows: Type A (low Tj and normal %) S3 per cent; Type B (low T, and 
Tj) 87 per cent; Type C (normal T„ low or flat T„ and inverted T 3 ) 03 per cent. 
In patients derived from the same sources but with normal electrocardiograms, 
the incidence of definite cardiovascular abnormality found was 41 per cent. 

' The percentages obtained for the incidence of myocardial damage or position 
of the heart as the cause of the low T-waves of the type classified under A and 
0 depend mainly on the type of material being studied. In groups of presumably 
normal individuals, position is the more important; in groups suspected of heart 
disease, myocardial damage is the more important. In certain eases with heart 
disease, however, the T-wave changes may be due to altered position of the heart 
rather than to myocardial damage per sc. The authors have obtained no evidence 
to indicate that small T-waves in all leads may be dependent on position of the 
heart. 

Roentgen ray study of the heart is essential in attempting to evaluate the 
significance of low or flat T-waves in either Lead I or Lead II of the electro- 
cardiogram. 

For guidance in tlic clinical interjirotation of electrocardiograms the authors 
believe the following statements arc .iustifiod: 

A. An electrocardiogram with a low E, and low T, and a normal Tj points 
either to abnormality of the heart or to vertical position. When tlie heart is 
vorticall}' placed, no significance can be ascribed to those findings as evidence 
of cardiac abnormality. AVhen, however, the heart occupies its usual position, 
the low E, and Tj suggest that it may be abnormal. 

B. The association of a normal or high E, and a low T, oft’ers strong but not 
certain evidence of cardiac abnormality. 

C. The finding of small T-waves in all leads is probably rarely if over de- 
pendent on position of the heart. It furnishes strong presumptive evidence of 
abnormality of the heart. 

D. The combination of a normal T„ a low or flat T, and an inverted T, may 
be due cither to abnormality of the heart or to a more transverse position than 
is usual. When the heart is transversely placed, such an electrocardiogram may 
not be regarded as evidence of myocardial abnormality; when, however, the 
heart occupies the usual position, such a tracing suggests myocardial abnormality. 

E. It is possible that in a small minority of cases, those various types of elec- 
trocardiograms may occur in the absence both of altered position of the heart and 
abnormality of the myocardium. 
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The Span of Life as Influenced by the Heart, the Kidneys and the Blood 

Vessels. By Franklin E. Nuzum. Charles C. Thomas, 1933, 108 pages. 

This well-made and attractive volume is designed to give information to the 
general public concerning varieties of cardiac disease, of Bright’s disease, and of 
diseases of the arteries, their nature, their course, and their general management. 
It has become general knowledge that expectancy at birth has increased, and' the 
reasons for the change in outlook have been attributed correctly to decrease in 
infant mortality and to decline in the prevalence of infectious diseases. What more 
natural, with these successes behind us, than to look for greater success still in the 
prevention and control of the "diseases” of later life? It is perhaps not ungracious 
to raise the question whether it is not premature to speak of certain aspects of 
several of these conditions as being either "diseases” or "degenerative,” since 
there is no suitable classification of them into those which are natural processes 
incident to aging and those which may be regarded properly as disease or as 
pathological. To keep this possibility in view may save us in the sequel from 
serious disappointment. So far prevention, though desirable, and control have no 
significant successes, known to us, to their credit. How to discover them, itself 
awaits the development of a proper technic of analysis. But there is no reason why 
hope of amelioration of the state, so often unhappy, of old age should not be 
entertained; though the hope may be better tempered if it is bolstered by a 
knowledge of the facts. 

In the pages of this little book there is collected an unusually large amount 
of knowledge without giving the impression of hurry or of undue compression. To 
one somewhat acquainted with its subject matter, the exposition seems lucid. But to 
those who have made similar attempts in brief compass to place at the disposal of 
laymen information on these matters, the chances of successful exposition are not 
too encouraging. It is the subject itself which must bear the major fault. Little 
is known, and much that is, is tentative; the mechanisms that are involved are 
just beginning to be studied and can scarcely be said to be understood. Yet there 
is no escape, in a society desirous of being instructed along each part of the way, 
from making the effort which has been made here. The amount of success which 
Dr. Nuzum has attained is great enough to encourage his successors to continue 
with the enterprise. 

A.E. C. 
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